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Abstract 
Current agri-food systems rely on biodiversity to build resilient and productive systems, yet they 

simultaneously contribute to its decline through practices like agricultural intensification, land 

conversion, and soil degradation. This decline poses a significant threat to the essential services 

biodiversity provides, including improved soil fertility, enhanced crop yields, climate change 

mitigation, and long-term food security. Despite the importance of biodiversity across the entire 

agri-food system, much of the research to date has focused narrowly on the farm level, often 

overlooking the critical roles that downstream stages, such as processing and retail, play in 

biodiversity conservation. Achieving a sustainable and resilient transition in agri-food systems 

requires a comprehensive, multi-level approach that addresses the root causes of unsustainability 

and promotes biodiversity-based practices across all supply chain stages. The primary objective of 

this research is to comprehensively assess biodiversity management practices across different 

stages of the agri-food supply chain—from farming to processing and retailing—and identify key 

factors contributing to biodiversity conservation at each stage. From a methodological perspective, 

this thesis combines quantitative and qualitative research methods with mathematical modeling to 

effectively capture the complexity of the agri-food system. The first study provides an overview 

of current biodiversity management in agri-food supply chains, exploring the concept of 

biodiversity and the barriers and drivers influencing biodiversity conservation strategies among 

key Italian supply chain actors, including farmers, processors, and retailers. The second study 

focuses on the adoption and diffusion of an underutilized crop – buckwheat – among Italian 

farmers. Using agent-based modeling, it examines how factors such as contract pricing, willingness 

to adopt, and diffusion scenarios affect the spread of buckwheat adoption over time and across 

different regions. The third study shifts to the retail stage, evaluating how different sustainability 

attributes affect market prices of lentil products in Italy. Adopting a Hedonic Price Model 

approach, the study focuses on key product attributes such as biodiversity, organic certification, 

geographic origin, and packaging type, showing how consumer preferences can drive demand for 

more sustainable food products.  

This thesis provides a comprehensive understanding of biodiversity management practices across 

the agri-food value chain, highlighting the role of all actors in fostering biodiversity-based systems. 

While limited to specific case studies in Italy and certain methodological constraints, the findings 

offer valuable insights and open avenues for future research. Importantly, this research provides 

actionable managerial and policy recommendations to drive the transition toward sustainable and 

biodiversity-based agri-food systems.
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1.1. Biodiversity for food and agriculture  

State of the art and biodiversity loss 

Global agricultural production is currently facing increasing challenges driven by human 

population growth, industrialization, and agricultural intensification, considered to be among the 

main global drivers of biodiversity loss (FAO, 2019). 

Ensuring an adequate supply of safe and nutritious food for the growing global population 

presents numerous challenges. One of the most critical is the need to increase food production on 

a global scale without compromising the capacity of the world's terrestrial and marine ecosystems 

to sustain future food demands and provide essential ecosystem services (Feger & Mermet, 2022; 

Hirata Sanches et al., 2022; Kpienbaareh et al., 2024; Reiss & Drinkwater, 2022). However, despite 

ongoing concerns about the rapid decline in biodiversity and increasing evidence of its essential 

role in food security and nutrition (Ramankutty et al., 2018; Talucder et al., 2024), production 

systems worldwide are becoming increasingly homogeneous, with declining diversity at the 

ecosystem, species, and genetic levels (FAO, 2010; Macfadyen et al., 2015).  

Biodiversity, as defined by the Convention on Biological Diversity, refers to “the variability among 

living organisms from all sources including, inter alia, terrestrial, marine and other aquatic 

ecosystems and the ecological complexes of which they are part; this includes diversity within 

species, between species and of ecosystems” (UNEP/CBD, 1992, Art.2). Within this broader 

concept, biodiversity for food and agriculture (BFA), also known as agrobiodiversity, specifically 

refers to the variety of life forms that directly or indirectly support agricultural and food production 

(FAO, 2019). This encompasses not only domesticated crops but also wild species, animals, and 

microorganisms that play vital roles in ecosystem functions such as soil health, pollination, water 

purification, resilience to extreme weather, and overall stability of agroecosystems. Research has 

demonstrated that enhancing biodiversity in agricultural systems can boost productivity and soil 

fertility (Garcia-Yi, 2014; Meynard et al., 2018), support climate change mitigation, and reduce the 

risk of pest and diseases (FAO, 2019; Hirata Sanches et al., 2022).  

However, despite the documented crucial role of agrobiodiversity in contributing to the 

sustainability of agricultural practices, many plant and animal genetic resources are increasingly 

disappearing from agricultural landscapes worldwide (Hajjar et al., 2008; Perrings et al., 2006). 

Currently, only about 30 plant species out of the global agricultural biodiversity are used to meet 

95% of the world’s food energy needs (FAO, 1999), with the total global food supply estimated 

to be provided on average by just 100 species (Will, 2008). 
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This dramatic loss of 

biodiversity has its first 

historical roots in the 

1960s, with the ‘Green 

Revolution’, characterized 

by the widespread 

promotion of new high-

yielding cultivars and 

intensive agronomic 

practices. While these 

innovations significantly 

increased food 

production, they also led to the rapid replacement of traditional crop varieties, or landraces, and 

the destruction of the habitats of their wild relatives. In this regard, concerns have been raised at 

the Food and Agriculture Organization of the United Nations (FAO), where the term ‘genetic 

erosion’ was coined to describe this dramatic loss of genetic resources. The uniformity of modern 

cultivars made them more susceptible to pests and diseases, highlighting the critical risks associated 

with reduced genetic variability. By the 1980s and 1990s, it was reported that three-quarters of 

previously cultivated crop diversity had been lost from fields since the start of the 20th century 

(FAO, 1997). 

Over recent decades, the significance of biodiversity for food security, nutrition, rural and coastal 

livelihoods, and overall sustainable development has gained increasing acknowledgment within 

international agendas. To address the global biodiversity loss crisis, the United Nations (UN) 

established the Convention on Biological Diversity (CBD) during the Earth Summit in Rio de 

Janeiro in 1992. This foundational agreement was later complemented with the adoption of the 

Aichi Biodiversity Targets for 2020 and reinforced with the Global Biodiversity Framework post-

2020, aiming to halt and reverse biodiversity loss by 2030 (UNEP/CBD, 2022). Complementing 

these global efforts, the European Union (EU) has implemented key policy initiatives, including 

the EU Biodiversity Strategy for 2030 and targeted measures within the new Common Agricultural 

Policy (CAP) 2023-2027 to promote species, habitats, pollinators, and landscape diversity within 

European farmlands (European Commission, 2022). Specifically, Italy appears to be among 

Europe's richest countries in terms of biodiversity, hosting half of the European plant species 

(Finocchiaro & Piccini, 2008). This remarkable level of biodiversity is primarily a result of Italy’s 

favorable geographic location, which encompasses a range of habitats, as well as its diverse 

Figure 1. Timeline of Biodiversity Loss and Key Policy Responses 
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microclimates and rich vegetation, along with historical and cultural influences. In accordance with 

its obligations under the Convention on Biological Diversity, Italy has adopted the National 

Biodiversity Strategy for the period 2021-2030, with a vision extending to 2050, to safeguard and 

restore its biodiversity (Ministero della Transizione Ecologica, 2022). 

While these policy initiatives establish a framework for conservation at the production level, their 

impact on the broader supply chain remains crucial. Therefore, biodiversity-friendly strategies 

should encompass not only agricultural practices but also the management of supply chain 

activities, where commercial and industrial actions are pivotal in shaping biodiversity outcomes. 

Transition towards biodiversity-based agri-food systems  

To ensure food security while preserving resilient and healthy ecosystems, the agri-food system 

must undergo rapid and transformative changes (Martinelli et al., 2022; Pretty et al., 2018; 

Scaramuzzi et al., 2021). The overuse and mismanagement of natural resources such as water, soil, 

and fertilizers, along with ineffective pest control methods and environmentally inappropriate 

food processing, storage, and transportation systems, contribute to significant environmental 

problems (Meynard et al., 2018; Tscharntke et al., 2012; Weituschat et al., 2023). 

The role of value chains in maintaining biodiversity should be considered among the various 

market mechanisms that incentivize biodiversity conservation (Tobin et al., 2018). While studies 

exist on how market pressures influence agricultural diversity (Carpenter, 2010; Garcia-Yi, 2014; 

Isakson, 2011), some scholars argue that greater emphasis should be placed on exploring how 

value chain dynamics specifically contribute to biodiversity conservation goals (Hellin et al., 2010; 

Lockie & Carpenter, 2010). 

Recent studies show, indeed, that not only farmers but also processors, wholesalers and retailers 

seem to be responsible with their decision-making for the decrease of crop diversity in global food 

systems (Notarnicola et al., 2017). The production and use of major industrialized crops have led 

to the formation of highly organized long value chains, which, according to different scholars, 

result in a socio-technological lock-in of dominant agri-food systems and food regimes (IPES-

Food, 2016; Magrini et al., 2016; Meynard et al., 2018). The imposition of standards related to 

product uniformity, as well as the demands for continuous and timely supply, exert pressure on 

producers to cultivate a narrow selection of species and crop varieties, causing individual farms 

and broader agricultural landscapes to become increasingly homogeneous in both genetic and 

physical structure. Such changes often negatively impact the resilience of production systems and 

their capacity to function as habitats for biodiversity (Macfadyen et al., 2015). 
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A shift from current industrialized cropping systems to biodiversity-based agricultural models that 

emphasize local or underutilized crop varieties is a crucial pathway for addressing the dual 

challenges of agricultural productivity and environmental preservation (European Commission, 

2020). The conservation and utilization of crop genetic diversity are fundamental to developing 

sustainable solutions for the overindustrialized agri-food system, altering human consumption 

patterns, improving nutrition, and enhancing crop resilience (Messéan et al., 2021).  

However, there remains a significant gap in our understanding of how biodiversity-related 

decisions are taken along the agri-food value chain. The current global trend of biodiversity is 

poorly documented in relation to value chain activities, and there is no comprehensive 

socioeconomic framework to elucidate how the decisions of various actors within the value chain 

affect biodiversity levels. 

There is a critical need for a comprehensive multi-actor and multi-level approach that encompasses 

the entire agri-food supply chain to effectively address biodiversity conservation. Assigning the 

responsibility for biodiversity promotion solely to farmers is insufficient; instead, it is essential to 

recognize the roles of all actors along the value chain, including processors and retailers, whose 

decision-making processes significantly influence biodiversity outcomes. A comprehensive 

understanding of the value chain’s influence on biodiversity is required, highlighting the 

importance of integrating all stakeholders in developing sustainable solutions and reversing the 

current trends of biodiversity loss in global food systems. 

1.2. Objectives of the research 

With the aim to dig into the challenges concerning the transition to a biodiversity-based agri-food 

system, this research will comprehensively assess biodiversity management practices across 

different stages of the agri-food supply chain—from farming to processing and retailing—by 

employing a combination of qualitative, quantitative, and modeling approaches.  

In doing so, this work starts providing an initial overview of how biodiversity is currently managed 

within the agri-food supply chain by investigating the concept of agro-biodiversity and its 

integration into supply chain strategies among different supply chain actors, including farmers, 

processors, and retailers. Existing literature indicates that negative biodiversity impacts are 

especially prevalent among sub-tier suppliers involved in resource extraction or production across 

various sectors (Salmi et al., 2023). This highlights the crucial role of business managers in shaping 

biodiversity management strategies and mitigating biodiversity loss throughout supply networks. 

While some studies have focused on assessing biodiversity impacts at the production stage 

(Knudsen et al., 2019), there is increasing recognition of the need to examine the entire supply 
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chain and its contribution to biodiversity conservation (Hellin et al., 2010; Lockie and Carpenter, 

2010). Specifically, this requires looking beyond production to understand how supply chain 

dynamics—such as the roles of processors, distributors, retailers, and consumers—can shape 

biodiversity outcomes (Notarnicola et al., 2017). 

Building on these premises, the first specific objective (SO1) of this thesis is to evaluate 

biodiversity management practices across the agri-food supply chain and identify key 

barriers and drivers affecting biodiversity-related decisions among supply chain actors. 

This study emphasizes the importance of evaluating biodiversity management practices within 

supply chains and enhances understanding of the broader responsibilities that actors at each stage 

hold in shaping biodiversity outcomes. In particular, this research focuses on two case studies 

from the lentil and buckwheat supply chains in Italy, offering an in-depth analysis of how 

biodiversity management is addressed within these specific contexts. Insights from this study 

emphasize the crucial role of farmers and their agricultural practices in promoting biodiversity 

within the agri-food system. This aligns with previous research on farming strategies, reinforcing 

the central position of farmers in shaping the quality of agricultural landscapes and determining 

the success or failure of biodiversity conservation efforts (Klebl et al., 2024).  

Furthermore, as discussed in the previous sections, the importance of farmers' management 

decisions is increasingly recognized in policy frameworks at both global and local levels. In 

particular, farmers’ adoption of crop diversification practices, including the use of underutilized 

crops, is viewed as a promising strategy for enhancing biodiversity in agricultural landscapes. Such 

practices not only boost biodiversity but also create market opportunities, promote more stable 

food trade, and strengthen supply chains (Morel et al., 2020). Despite these benefits, research on 

the potential adoption of underutilized crops in intercropping systems remains limited 

(Landschoot et al., 2024). The adoption of underutilized crops in agriculture presents numerous 

economic, behavioral, and environmental challenges, including price and yield uncertainties (Knez 

et al., 2023), limited knowledge of new management practices, high costs of specialized equipment 

(Odeku et al., 2024), and neighboring influence on farmers’ decisions (Ha Thu et al., 2020; Tran-

Nam & Tiet, 2022). These challenges underscore the need for a deeper investigation into the 

factors shaping farmers' decisions regarding the adoption of underutilized crops. 

In light of this, the second specific objective (SO2) of this thesis is to analyze farmers' 

potential adoption of an underutilized crop and identify the key factors influencing final 

adoption decisions. This study specifically examines the role of variables such as contract prices, 

farmers' willingness to adopt, and the effects of different diffusion scenarios on the adoption of 

buckwheat over time and space in Italy. Given the complexity of adoption processes—driven by 
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individual decision-making, social interactions, and spatial constraints—this study employs a 

spatially explicit agent-based model (ABM). ABM is particularly well-suited for this analysis as it 

enables the simulation of heterogeneous farmer behaviors under varying market and behavioral 

conditions. By incorporating multiple behavioral rules, social learning mechanisms, and spatial 

dependencies, ABM effectively captures the emergent and dynamic nature of adoption processes. 

This approach allows for a more nuanced exploration of how different factors—such as economic 

incentives, diffusion patterns, and peer influence—interact to shape adoption trajectories over 

time. Building upon these features, the model provides critical insights into the conditions that 

facilitate or hinder the successful integration of biodiversity-enhancing crops into farming systems. 

The results will inform the design of more effective policy and market interventions to accelerate 

the adoption of underutilized crops. Furthermore, by simulating different scenarios, the model 

offers valuable foresight into how shifts in market conditions may influence future adoption 

patterns. These insights are essential for developing adaptive, evidence-based strategies that 

support biodiversity-friendly agricultural transitions. 

Ensuring the long-term viability of these crops requires not only farm-level adoption but also 

strong market demand and the effective translation of their sustainability attributes into economic 

product opportunities. This interplay between upstream and downstream dynamics is central to 

this thesis, as it highlights the need for coordinated strategies across the value chain.  

Building on this premise, the third and final section of this thesis research transitions from this 

upstream perspective to examine the downstream dynamics of the retail sector, serving as the 

bridge between producers and consumers. The third specific objective (SO3) of this thesis is 

to evaluate the influence of sustainability-related attributes on the market prices of lentil 

products in Italy. This study focuses on key attributes such as biodiversity, organic certification, 

geographic origin, and packaging type, and it demonstrates the economic value associated with 

biodiversity-based products, showing how consumer preferences can drive demand for more 

sustainable food products. This section explores the role of retailers in the broader sustainability 

and biodiversity discussion, investigating how they incorporate these attributes into their product 

offerings and contribute to promoting sustainable practices. Food retailers occupy a critical point 

in the supply chain, serving as the link between producers and consumers. This intermediary role 

enables them to influence decisions along the entire supply chain, from encouraging sustainable 

practices at the production level to shaping consumer choices (Macfadyen et al., 2015). As 

consumer demand for food products with sustainability-related qualities—such as organic 

certification, biodiversity, and eco-friendly packaging—continues to grow, retailers are increasingly 
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responding by adapting their product offerings to meet these preferences (Botelho et al., 2018; 

Posadinu et al., 2021; Rossetto & Galletto, 2019).  

Through these three specific objectives, the research aims to provide comprehensive insights into 

the various stages of the agri-food supply chain, highlighting the critical role each actor plays in 

biodiversity conservation. The findings will inform managerial and policy recommendations to 

support a transition towards a more sustainable biodiversity-based agri-food system.  

1.3. Methods and tools for analyzing biodiversity 
management  

The complexity of biodiversity management within agri-food supply chains necessitates the use of 

comprehensive and multi-faceted research approaches. The literature increasingly underscores the 

value of employing a mixed-method approach that combines qualitative and quantitative 

methodologies, as well as advanced modeling tools, to provide a deeper understanding of 

biodiversity-related challenges and opportunities in supply chains (Creswell & Clark, 2018). 

Qualitative methods, such as interviews, focus group discussions, and content analysis, are 

essential for capturing the perceptions, knowledge and behavior of key actors involved in the 

conservation of biodiversity (Sutherland et al., 2018). These methods offer insights into the social 

and behavioral dynamics that shape biodiversity management, including motivations, barriers, and 

external influences. In this thesis, the first study adopts a qualitative approach to explore the 

perspectives, motivations and challenges of key supply chain actors, such as farmers, processors, 

and retailers, in adopting biodiversity conservation practices.  By conducting qualitative research 

first, the study creates a strong foundation for identifying relevant variables that can be explored 

in subsequent quantitative analyses or advanced modeling techniques, thereby uncovering the 

practical and contextual factors that influence biodiversity outcomes. 

Conversely, quantitative approaches—such as surveys, statistical analysis, and econometric 

models—are crucial for evaluating measurable outcomes, such as indicators, market prices, and 

environmental performance (Paoletti et al., 2021). Environmental management issues are 

inherently complex and multidisciplinary, often requiring trade-offs and navigating uncertainties 

in decision-making. By assigning quantitative values to management targets, these methods enable 

meaningful comparisons and informed choices (Laurila-Pant et al., 2015). The thesis’s last study 

employs a quantitative approach to analyze market data, examining how sustainability attributes 

affect product prices within the agri-food sector. Through a data-driven approach, this quantitative 

method provides insights into how biodiversity attributes impact market competitiveness and 
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consumer demand, supporting policy decisions and guiding industry practices within agri-food 

supply chains. 

While quantitative methods provide crucial data on measurable outcomes, advanced modeling 

techniques offer a way to explore the dynamic and systemic nature of biodiversity management in 

supply chains. Among the modeling tools available, agent-based modeling (ABM) has gained 

prominence in analyzing complex systems, such as agri-food supply chains. In the context of agri-

food systems, the ABM approach has been successfully used to explore agricultural systems’ 

transformations and to evaluate the long-term impacts of farming decisions on both ecological 

and economic dimensions (Fernandez-Mena et al., 2020; Zagaria et al., 2021). The second study 

of this thesis uses agent-based modeling (ABM) to simulate different scenarios, exploring the 

socio-economic factors that shape biodiversity-supportive practices over time. By creating agents 

that behave according to specified rules and preferences, ABM allows researchers to examine how 

different scenarios and variables, such as policy interventions, market conditions, or peer influence, 

impact farmers’ decision-making over time and across spatial scales (Johnson & Salemi, 2022).  

The combination of qualitative, quantitative, and modeling tools creates a robust framework for 

analyzing biodiversity management in these systems. Qualitative methods provide deep contextual 

understanding, quantitative analyses offer empirical evidence of trends and impacts, and ABM 

introduces a dynamic, systems-based perspective that captures the complexities of actor 

interactions and decision-making processes (Antosz et al., 2022). This mixed-method approach is 

essential for tackling the multi-dimensional challenges of biodiversity conservation in the agri-food 

sector. 

1.4. Relevance and significance of the research  

This thesis makes substantial contributions to the field of biodiversity management within agri-

food systems by adopting a comprehensive, multi-level approach that encompasses stages beyond 

farming, such as processing and retail. The research enhances the understanding of biodiversity 

conservation strategies across the entire supply chain and provides novel insights with theoretical 

and practical implications. 

Firstly, the thesis integrates a multi-level perspective that examines biodiversity management 

practices across the agri-food supply chain. This approach addresses a significant gap in the 

literature, which typically focuses only on the farm level, overlooking the crucial roles of processors 

and retailers. By exploring biodiversity conservation strategies at each stage, the research offers a 

holistic view of the challenges and opportunities in transitioning towards a biodiversity-based agri-

food system. 
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Secondly, the thesis employs a mixed-method approach that combines qualitative, quantitative, 

and modeling techniques to examine biodiversity management from a multi-level perspective. This 

methodological approach enables a deeper analysis of the complexities within the agri-food supply 

chain, allowing for a detailed understanding of the factors that influence biodiversity conservation 

across different stages and contexts. 

Thirdly, the thesis provides empirical insights into two specific agri-food supply chains—lentil and 

buckwheat—offering real-life case studies that enhance the practical relevance of the research. By 

examining these value chains through semi-structured interviews, agent-based modeling, and 

quantitative market analysis, the research generates valuable data that can inform actionable, real-

world recommendations for supply chain actors and policymakers, directly addressing 

conservation-related challenges. 

Finally, this research aligns with broader ongoing European initiatives aimed at enhancing 

biodiversity within agri-food systems. Specifically, the study is conducted under the framework of 

the Horizon-funded BIOVALUE1 project, which seeks to develop a simulation tool to foster 

biodiversity throughout different agri-food value chains. In parallel, several other Horizon 

projects, including RADIANT2, CROPDIVA3, and DIVINFOOD4, emphasize the critical role of 

underutilized crops in biodiversity conservation. CROPDIVA, for instance, focuses on improving 

climate resilience through the promotion of orphan crops, while RADIANT and DIVINFOOD 

target the diversification of food chains to bolster agrobiodiversity and sustainability in agricultural 

practices. Moreover, the PRIMA-funded LEGU-MED5 project highlights the pivotal role of 

legumes in biodiversity-based farming systems, particularly within the Mediterranean region. The 

findings from this thesis provide localized case studies and practical recommendations that 

contribute to these broader European initiatives, offering tangible examples of how biodiversity 

can be enhanced through targeted interventions in the Italian agri-food sector. The research 

provides important policy and managerial implications for biodiversity conservation, supporting 

 
1 The BIOVALUE project “Fork-to-farm agent-based simulation tool augmenting BIOdiversity in the agri-food 
VALUE chain” has received funding from the European Union’ Horizon 2020 research and innovation programme 
under the Grant Agreement No. 101000499. Website: https://www.biovalue-project.eu/   
2 The RADIANT “ReAlising DynamIc vAlue chaiNs for underuTilised crops” project has received funding from the 
European Union’ Horizon 2020 research and innovation programme under the Grant Agreement No. 101000622. 
Website: https://www.radiantproject.eu/  
3 The CROPDIVA “Climate Resilient Orphan croPs for increased DIVersity in Agriculture” project has received 
funding from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement No. 
101000847. Website: https://www.cropdiva.eu/  
4 The DIVINFOOD “Co-constructing interactive short and mid-tier food chains to value agrobioDIVersity IN 
healthy plant-based FOOD” project has been funded from the European Union’s Horizon 2020 research and 
innovation programme under the Grant Agreement No. 101000383. Website: https://divinfood.eu/  
5 The LEGU-MED “Legumes in biodiversity-based farming systems in Mediterranean basin” project had been funded 
from the European Union’s PRIMA programme under the Section 2 Call 2019 - Multi-topic. 

https://www.biovalue-project.eu/
https://www.radiantproject.eu/
https://www.cropdiva.eu/
https://divinfood.eu/


 

19 

 

the development of strategic interventions that encourage biodiversity-friendly practices 

throughout the supply chain. Through targeted recommendations for policymakers and supply 

chain managers, this research underscores the importance of coordinated efforts and strategic 

planning across all levels of the agri-food system. 

Overall, the novelty of this research lies in its comprehensive and integrated approach. By bridging 

the gap between farm-level practices and broader supply chain dynamics, this thesis offers a new 

perspective on integrating biodiversity into agri-food systems, making a valuable contribution to 

academic research and practical policy development on biodiversity management. 

1.5. Thesis structure 

This thesis consists of three distinct essays, each concentrating on particular aspects of the main 

topic discussed earlier. Each individual study is presented in a separate chapter, detailing its 

structure and connecting its findings to the overall thesis discussion through dedicated 

introductions and conclusions. 

Figure 2. Overview of the thesis structure 

 

Chapter 2 presents the first empirical study, which uses a qualitative approach to investigate the 

decision-making factors influencing biodiversity conservation strategies in the agri-food supply 
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chain. Through semi-structured interviews with farmers, processors, and retailers in Italy, the 

chapter explores the barriers, drivers, and opportunities for integrating biodiversity into supply 

chain practices. The findings highlight the complexities of decision-making processes and 

emphasize the need for policy support and strategic planning to promote biodiversity-based 

practices across all the value chain. 

Chapter 3 focuses on a modeling study that examines the adoption of buckwheat, an underutilized 

crop, by Italian farmers using an agent-based modeling (ABM) approach. The chapter explores 

how different contract prices, neighbor influence, and different adoption rates affect farmers' 

decisions to adopt buckwheat as a biodiversity-enhancing crop. The model simulates various 

scenarios to identify the conditions under which buckwheat adoption can be maximized, offering 

insights into the economic and social dynamics that drive the diffusion of biodiversity-friendly 

farming practices. 

Chapter 4 presents a quantitative study that investigates the impact of sustainability attributes on 

the market prices of lentils in Italy using the Hedonic Price Model (HPM). The analysis examines 

how factors such as biodiversity attributes, organic certification and geographic indications 

influence consumer preferences and market competitiveness. By assessing the retail stage of the 

supply chain, this chapter demonstrates the economic value of biodiversity-related attributes and 

their potential to drive market demand for more sustainable food products.  

Chapter 5 synthesizes the findings from the previous chapters, discussing how each study 

contributes to understanding biodiversity management in the agri-food supply chain. It discusses 

the implications of the findings for policymakers, supply chain actors, and other stakeholders 

interested in promoting biodiversity in agriculture. The chapter also offers recommendations for 

future research on biodiversity related practices across the agri-food supply chain. Chapter 6 draws 

the conclusions of the thesis, summarizing the key insights gained from the research. 
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2.1 Introduction 

As outlined in the previous sections, in the past century, approximately three-quarters of the 

biodiversity in agricultural crops has been lost. More precisely, only 12 plant species out of the 

world's agricultural biodiversity are used to fulfill 75% of global food needs (FAO, 2004). This 

dramatic decline in biodiversity is largely attributed to the rising global demand for food, driven 

by rapid population growth, which has triggered widespread agricultural expansion and 

industrialization (Kehoe et al., 2017).  

Given this scenario, and as result of recent policy regulations, agricultural systems have been 

adjusted to sustainable production models. Conventional agricultural systems, characterized by the 

extensive use of pesticide, monoculture, and the cultivation of genetically uniform crop varieties, 

increase the vulnerability to biotic stresses and reduce resilience to climate change (Altieri et al., 

2015). In contrast, biodiversity-oriented food systems offer a viable sustainable alternative 

(Scaramuzzi et al., 2021), enhancing productivity and soil fertility while aiding climate change 

mitigation and reducing the incidence of pests and diseases.  

Alternative agri-food systems based on biodiversity have gained interest in both academic and 

policy-making spheres. Recent EU policy strongly advocates for a transition towards a 

biodiversity-based agriculture, highlighting the benefits of crop diversification and increased 

legume cultivation in particular (European Commission, 2022). This holds particularly true in the 

Mediterranean basin, where crop diversification has emerged as a viable strategy to mitigate 

adverse environmental effects and enhance agricultural ecosystem services (Alcon et al., 2020).  

While policymakers have been recognizing the issue of biodiversity loss in recent policy 

frameworks, most business managers across various industry sectors appear to have not yet 

adequately addressed this concern in their operations. The negative impacts on biodiversity are 

particularly evident among sub-tier suppliers involved in resource extraction or production across 

multiple industry sectors. This underlines the crucial role of business managers in shaping 

biodiversity management strategies and minimizing biodiversity impacts throughout their supply 

networks (Salmi et al., 2023). In this context, gaining insights into the decision-making processes 

of supply chain actors regarding biodiversity is crucial to uncover conservation opportunities and 

move towards sustainable food systems. 

In the literature, however, biodiversity management has received little attention so far (Salmi et al., 

2023). While some studies investigated biodiversity impacts in environmental assessments at the 

production stage (Knudsen et al., 2019), and the influence of market pressures on agricultural 

diversity (Garcia-Yi, 2014), others argue for a greater emphasis on examining how supply chain 

dynamics specifically contribute to biodiversity conservation goals (Hellin et al., 2010; Lockie and 
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Carpenter, 2010). Although firms typically have the ability to influence their own sustainability 

practice and those of their direct suppliers (Sancha et al., 2015), it is more challenging to address 

issues at the sub-tier supplier level (Villena and Gioia, 2018) where biodiversity loss frequently 

occurs. Recent studies indicate that responsibility for various environmental impacts within global 

food systems extends beyond farmers including processors, distributors, retailers, and consumers 

(Notarnicola et al., 2017).  

This study addresses these gaps by investigating biodiversity management strategies from the 

perspective of different supply chain nodes. It reveals the interplay between firms and biodiversity 

and the contribution of each node to the overall process, providing a comprehensive 

understanding of biodiversity strategies throughout the entire agri-food supply chain. For this 

purpose, we conducted a multi-case study analysis of two agri-food supply chains, namely lentils 

and buckwheat, in Italy, a country whose economy strongly relies on agricultural biodiversity and 

natural resources. Thus, empirical data were collected through semi-structured interviews with 

farmers, processors, and retailers who have been actively engaged in biodiversity management 

within their respective supply chain.  

This chapter is organized as follows. Section 2 gives an overview of biodiversity and its relevance 

within supply chain management, highlighting specific gaps in the literature that form the 

foundation for the research questions addressed in this study. The following section delineates the 

data collection procedure and the methodology employed in this study. Section 4 presents the 

main findings, accompanied by their discussion in light of previous research on the topic. Finally, 

Section 5 outlines the main conclusions and some limitations of the study along with offering 

recommendations for stakeholders and suggesting directions for future research. 

2.2 Background and research questions 

Biodiversity: definitions and insights 

Biodiversity can be understood as the variability among living organisms from all sources on the 

planet, encompassing terrestrial, marine, and other aquatic ecosystems, including diversity within 

species, between species, and of broader ecosystems (UNEP/CBD, 1992). This definition has 

been adopted by the Convention on Biological Diversity (CBD) with the objective of sustainably 

preserving biodiversity not only within the food sector but also in areas deeply dependent on 

natural resources, involving renewable primary products, industrial biomass, and bioenergy 

production (Salmi et al., 2023).  

Biodiversity for food and agriculture encompasses all forms of biodiversity that are directly or 

indirectly involved in supporting agricultural activities and food production (FAO, 2019). In recent 
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years, global policies have increasingly recognized the importance of biodiversity, extending the 

focus from just crop genetic resources to a broader range of organisms that contribute to 

agricultural productivity and sustainability (FAO, 2004). Among these organisms, pollinators are 

crucial, as more than 75% of the world's food crops rely in part on pollination by insects and other 

animals. These organisms play vital roles in maintaining soil fertility, facilitating pollination, 

purifying water, enhancing weather resilience, and providing other essential services (FAO, 2007).  

Recognizing the importance of different forms and definitions of biodiversity in agriculture 

underscores the need for more complete research in agricultural management that consider the 

relationships between plant species, pollinators, and the broader ecosystem. For business 

managers, assessing biodiversity extends beyond mere species or individuals counts; it involves 

recognizing its role in ecosystem dynamics and evaluating the effects of resource management on 

ecosystem processes (Salmi et al., 2023). Building on these insights and acknowledging the 

multifaceted nature of biodiversity, this study poses the following first research question:  

RQ1. What facets of biodiversity ca be identified at different stages of the supply chains under investigation? 

Thus, a comprehensive understanding of what constitutes and defines biodiversity is crucial for 

supply chain actors aiming to integrate its principles into their decision-making processes and 

management strategies. 

Biodiversity in supply chain management 

Rather than solely concentrating on adopting or creating sustainable practices and business models 

related to biodiversity, stakeholders further downstream in the supply chains, such as firms 

engaged in processing and retailing activities, possess the capacity to address environmental 

concerns by integrating biodiversity considerations into their supply chain management practices 

(Kok, et al., 2014). Building upon this perspective, Scaramuzzi et al. (2021) extend the discourse 

on biodiversity in agriculture considering the entire supply chain. They delineate biodiversity-

oriented food systems as those focusing on conserving underutilized landraces, developing 

products derived from landraces to highlight biodiversity, and enhancing the marketing and 

promotion of biodiversity products.  

Despite the evident imperative for research on biodiversity supply chain management, there is little 

evidence in the literature providing insight into how firms address and safeguard biodiversity 

within their operations and supply chains (Blanco-Zaitegi et al., 2022; Salmi et al., 2023).  

Given the study’s focus on supply chain management, we draw from the work of Carter et al., 

(2017) who introduced the supply chain practice view (SCPV).  Their work builds on the practice-

based view (PBV) proposed by Bromiley and Rau (2014), which focuses on a specific set of 
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activities within a single firm, but extends it to consider interorganizational dynamics. These 

dynamics involve activities across multiple formal organizations which can be replicated within 

other supply chains. Carter et al. (2017) suggest that by making these practices more concrete, 

managers and firms can better address complex challenges such as biodiversity management. 

Following this approach, the study explores supply chain management (SCM) practices in the 

context of biodiversity conservation, broadening the perspective from individual firms to the 

entire supply chain. 

The process of managing and operating agri-food supply chains entails intricate and 

interconnected decision-making processes that address a range of issues, including crop planning, 

harvesting techniques, food processing procedures, marketing strategies, logistics operations, 

vertical integration, horizontal cooperation, risk management, environmental considerations, food 

safety protocols, and sustainability measures (Tsolakis et al., 2014). 

To delve into actors’ decision-making, the following question will be explored: 

RQ2. What key factors define and influence the decision-making of actors within these supply chains? 

Gaining insight into the multitude of factors influencing decision-making processes within supply 

chains is essential for developing strategies that foster the long-term efficiency and sustainability 

of agri-food systems. 

Factors affecting biodiversity management strategies 

As we delve into the dynamics of biodiversity management within agri-food supply chains, it is 

essential to understand the factors that facilitate the adoption of conservation strategies and those 

that hinder their implementation.  

At the farm level, various factors contribute to the adoption of biodiversity strategies, including 

agronomic considerations such as risk management and resilience enhancement strategies (Lin, 

2011) and biological factors such as environmental variability and heterogeneity (Fraser et al., 

2012). However, the literature reveals several barriers to adoption among farmers, including 

insufficient research on local crop varieties, limited technical knowledge about minor crops, 

constrained agricultural land, climate change uncertainties and price fluctuations (Meynard et al., 

2013).  

Profitability emerges as the primary determinant in crop selection decisions, driven largely by 

expected harvest quantities and market prices (Lami et al., 2023). Consequently, strategies 

emphasizing economies of scale and specialization in dominant and high-performing crops have 

been implemented throughout the agri-food chain (Meynard et al., 2013). Other challenges along 

the chain include coordination difficulties associated with minor crops, lack of long-term 
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contractual agreements and logistical constraints both in harvest collection (Meynard et al., 2018), 

and at the downstream level due to high costs and inadequate facilities for storing and managing 

small volumes of new minor crops (Morel et al., 2020).   

Based on these insights, a deeper understanding of the factors influencing the adoption of 

biodiversity management strategies at the supply chain level could offer novel perspectives for a 

sustainable agri-food industry (Weituschat et al., 2023). To this end, the last research question is 

addressed:  

RQ3. What barriers and drivers influence the adoption of biodiversity conservation strategies by the actors involved 

in these supply chains? 

By identifying specific barriers and drivers impacting biodiversity conservation efforts, it will be 

possible to devise targeted solutions that encourage the integration of biodiversity practices across 

all stages of the agri-food industry. 

2.3 Materials and methodology  

This study follows a qualitative multi-case study research approach (Yin, 2014). The use of the 

case study method is particularly suited for exploratory research characterized by a multitude of 

variables of interest that surpass available data (Sacchi et al., 2019). In such cases, restricted data 

availability requires employing smaller sample sizes. Recent studies in supply chain management 

suggest, indeed, that case-based research typically involves sample sizes ranging from 14 to 41 

interviewees (De Sá et al., 2019). To overcome the constraints of limited data availability in single 

case studies, scholars have increasingly embraced multi-case studies as a viable alternative.  

A multi-case study of two agri-food supply chains was conducted, as this strategy enables to 

generate more comprehensive and robust evidence compared to single-case analyses while 

allowing for comparison between individual cases (Yin, 2014). Purposeful sampling was used to 

identify and select information-rich cases, to optimize the allocation of limited resources and to 

ensure generalization of potential findings (Patton, 2002). 

Selected cases: lentil and buckwheat supply chains 

Italy is considered one of Europe’s richest countries in terms of biodiversity, with the highest 

number and density of animal and plant species across a wide range of climates, regions, and 

ecosystems (Finocchiaro and Piccini, 2008). 

Case study 1 explores the Italian lentil supply chain, illustrating the country's biodiversity through 

the significant genetic diversity found in its lentil cultivars, encompassing local, regional, and 

territorial varieties (Sonnante and Pignone, 2007). This rich heritage extends beyond the 
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commercial green lentil varieties, with specific regions boasting Protected Geographic Indication 

(PGI) varieties. Two prominent examples include the PGI lentils of 'Castelluccio di Norcia' in 

Umbria, which holds a well-established market position, and the 'Altamura PGI lentils' in Apulia, 

which has experienced growing commercial popularity in recent times. Typically, in this supply 

chain, farmers, operating within or outside PGI area, sell lentils to processors, including 

agricultural cooperatives, processors of dried packaged lentils, of cooked/semi-processed lentils 

or of lentil-based pasta. Ultimately, processors sell the product contracting with retailers, 

encompassing both large-scale retailers such as supermarkets and alternative retailers specializing 

in organic or dietary products (Figure 3).  

As previously mentioned, biodiversity includes more than just crop genetic resources, 

encompassing various organisms that play a role in enhancing ecosystem productivity and 

sustainability.  

Case study 2 examines the buckwheat supply chain in Italy. Within agriculture, buckwheat assumes 

a pivotal role in biodiversity conservation strategies. It is commonly incorporated into crop 

rotations, utilized as a cover crop to improve soil health, preserve water, and mitigate weed, pest, 

and disease pressure while also being used as a pollinator crop (FAO, 2007). Despite the benefits 

associated with its cultivation, Italy remains a net importer of buckwheat, with domestic 

production confined to Alpine regions (Brunori et al., 2005).  

Recent years have witnessed a novel interest in buckwheat cultivation, driven by the rising demand 

for its products, primary gluten-free and other nutritional food where buckwheat is used in 

combination with other ingredients (Kaur et al., 2015). Similar to the lentil supply chain, farmers 

sell buckwheat to processors which may include milling companies, producers of bakery products, 

pizzoccheri6 or buckwheat-based pasta. Ultimately, these processors, in turn, distribute the products 

to retailers, encompassing large-scale supermarkets as well as alternative outlets specializing in 

organic or dietary products (Figure 3). 

 
6 Pizzoccheri, originating from the Valtellina area in the province of Sondrio (IT), are a variety of pasta prepared with 
buckwheat flour mixed with other flours. 
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Figure 3. Location and relations of the actors. 

 

Data collection 

Interviewees were conducted either face-to face or online between November 2022 and January 

2023 targeting three different actors’ categories in both lentil and buckwheat supply chains: 6 

farmers, 4 processors, and 4 retailers, across different Italian regions (Table 1). A total of 14 in-

depth semi-structured interviews were conducted. 

Table 1. Case studies’ sample. 

No
. 

Supply 
chain 

SC node Product Job function Interviews 
length 

Mode 

1 Lentils Farmer Dried PGI lentils Owner 1 h 5 min Online  

2 Farmer  Dried lentils Owner 33 min Online 

3 Farmer Dried PGI lentils Owner 35 min Online 

4 Processor  Dried lentils Marketing manager 1 h 39 min In-
person 

5 Processor Dried lentils Owner/ Head of 
operations 

1 h 7 min Online 

6 Processor Dried and pasta  Quality manager  1 h 25 min In-
person 

7 Retailer Dried lentils Quality manager 1 h 8 min In-
person 

8 Retailer Dried lentils Head of IV & V range 
products division 

1 h 5 min In-
person 
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9 Buckwheat Farmer Buckwheat flour 
and crackers 

Owner 56 min Online 

10 Farmer Dried buckwheat Owner 1 h 6 min Online 

11 Buckwheat 
and Lentils 

Farmer Dried, flour and 
pasta 

Owner 1 h In-
person 

12 Processor Pasta Owner/Head 
operations 

52 min Online 

13 Retailer Dried, pasta, flour Purchase manager 
arable crops division 

1 h 42 min In-
person 

14 Retailer Pasta  Head of fresh and 
frozen foods’ division 

59 min Online 

In this research, the same interview protocol, detailed in the Appendix (Annex 1 and Annex 2), 

has been used for both case studies. First, the objective and context of the study are clearly 

outlined, and informed consent, including permission to audio-record, is obtained from each 

interviewee. The interviews were structured around open-ended inquiries, aimed at exploring five 

key areas of interest as delineated in Table 2. During the interviews, participants were asked about 

the types of crops or varieties they produce or sell, along with insights into associated quantities 

(Section 2). Additionally, discussions centered on how participants establish and maintain 

relationships with their suppliers and sellers, as well as any contractual agreements or arrangements 

in place. Participants were also questioned about the primary costs associated with their agricultural 

operations, as well as the strategies employed in determining product prices (Section 3). 

Furthermore, participants provided perspectives on consumer preferences and market demand, 

including observations regarding shifts in consumer preferences for specific products or varieties 

(Section 4). Finally, conversations delved into the challenges and aspirations related to crop 

diversification, including obstacles encountered and expectations for introducing new crop 

varieties (Section 5).  

Drawing from existing literature (Kaufmann and Denk, 2011; Sacchi et al., 2019), we adopted a 

systematic research protocol entailing the alignment of the research questions with the structure 

of the interviews (Table 2). This ensures that collected data directly addresses the key study 

inquiries, facilitating a comprehensive exploration of the subject. Furthermore, this 

methodological approach enables the study to adhere to validity criteria for both internal and 

external validation of its findings. 
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Table 2. Protocol adopted for the multi-case study analysis. 

Case study I- 
Lentils 

Case study II- 
Buckwheat 

RQs Interview Protocol Sections Validity criteria (VC) 

All Section 1: Introduction and background 
information VC1.Credibility 

 

VC2.Transferability 

 

VC.3 Dependability 

 

VC4. Confirmability 

RQ1 Section 2: Crop and product diversity  

RQ2 Section 3: Supplier-Seller Relationship: 
Contractual Agreements, Pricing and 
Costs 

RQ2 Section 4: Perceived consumers’ 
preferences 

RQ3 Section 5: Biodiversity challenges and 
expectations 

Data analysis 

The data analysis process is based on a six-phase inductive thematic analysis (Braun and Clarke, 

2006) (Figure 4). Transcriptions from interviews have been imported into the NVivo software, 

allowing for the coding of typed interviews’ transcripts. 

Figure 4. Phases of thematic analysis. 

 

Source: Own elaboration adapted from (Braun and Clarke, 2006) 

The process starts with data familiarization by actively reading the text and taking notes to shape 

ideas and identify potential patterns. In Phase 2, initial codes are generated from the data, 

organizing it into meaningful groups. These codes highlight significant features that capture the 

researcher's interest and represent the fundamental elements of the raw data relevant to the 

phenomenon under study. Phase 3 begins with a list of the different codes previously identified 

across the dataset and sorted into potential themes. Phase 4 entails refining selected themes, where 

it becomes evident that some may not be viable due to insufficient data support, while others may 

merge into a single theme. In Phase 5, final themes are defined and assigned names that will be 

used in the analysis report. The final phase involves summarizing the findings and presenting them 

in a comprehensive report, with selection of compelling extracts from the data in line with the 

research questions and existing literature (Figure 4) (Braun and Clarke, 2006).  
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To ensure the robustness of data collection and analysis in accordance with the research objectives, 

this study followed a series of validity criteria (Kaufmann and Denk, 2011) (Table 2). The first 

criterion, credibility, measures the trustworthiness of the findings. Consistency was maintained by 

employing the same interview protocol in both case studies with interviews conducted by two or 

more researchers to enhance internal validity (Barratt et al., 2011). For triangulation purposes, data 

collection and cross-checking were conducted from different sources, including official websites 

of the interviewed firms and newspaper articles featuring the company and interviewed 

participants. This was complemented by cross-checking information, asking similar questions to 

different interviewees, allowing for information validation. The second criterion, transferability, 

examines whether the findings can be applied in other contexts or settings. While quantitative 

research often seeks generalizability, qualitative research focuses on providing rich, context-

specific insights but with relevance beyond the immediate study context. Theoretical sampling was 

utilized to enable generalization of findings across different contexts. The respondents were key 

informants who held pivotal roles in the firms' operations and were actively engaged in the supply 

chain connection. A sample of farmers capable of offering insights relevant to the research 

objective was shortlisted in collaboration with one of the largest Italian farm associations, 

Confagricoltura7. As interviews advanced, selected farmers were encouraged to suggest further 

contacts based on their network within the supply chain. The third criterion, dependability, relates 

to the consistency and stability of the findings over time and under different conditions. To ensure 

dependability, the study used member checks, where participants were asked to verify the accuracy 

of the data. This approach involved gathering insights from multiple informants within each 

category and throughout the supply chain. Finally, the fourth criterion, confirmability, addresses the 

objectivity and neutrality of the research findings. To ensure objectivity, all interviews and 

documents were analyzed by three different co-researchers.  

2.4 Results and Discussion 

Building upon the process of thematic analysis, encompassing data familiarization, initial coding, 

and sorting codes into potential themes, six main general themes have been identified and named 

in relation to major recurrent topics: (i) Biodiversity, (ii) Economics, (iii) Climate change, (iv) 

Market, (v) Policy and (vi) Socio-cultural aspects. Given the research focus on biodiversity, we also 

identified two additional targeted themes: (i) Barriers and (ii) Drivers towards biodiversity 

conservation management. Table 3 summarizes the mean coverage for each theme, calculated 

from multiple observations recorded throughout the study. This offers a comprehensive 

 
7 Confagricoltura website https://www.confagricoltura.it/eng/  

https://www.confagricoltura.it/eng/
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representation of the recorded data, allowing for a clearer understanding of the trends within each 

actor category.    

Table 3. Dictionary of themes and mean coverage. 

No. Themes Definition Mean coverage 

1 Biodiversity Two types of diversity: agrobiodiversity and product 

diversity 
9,21 

2 Economics Price and costs, and perceptions on recent price inflation 3,92 

3 Climate change Climate change related events affecting cultivation 1 

4 Market Contracts regulating actors’ interactions and price 

mechanism setting in the market 
6,57 

5 Policy CAP policy measures  0,5 

6 Socio-cultural 

aspects 

Actors’ perceptions on consumers’ preferences, and 

collaboration among stakeholders 
2,21 

 Targeted 

themes 

 
 

7 Barriers Main barriers towards biodiversity conservation across 

actors 
2,64 

8 Drivers Main drivers towards biodiversity conservation across 

actors 
2 

In line with research questions set out for the study, the findings are presented in the following 

sections. 

Theme 1: Biodiversity dimensions 

The first overarching dimension of this study concerns biodiversity. This theme includes two 

primary nodes: agro-biodiversity and product diversity, with the first node further delineated into 

sub-nodes—inter-species diversity and intra-species diversity.  

Delving into agro-biodiversity within the lentil and buckwheat supply chains, respondents shed 

light on evolving perspectives. Particularly, stakeholders underscored the growing significance of 

legumes, notably lentils, advocating for a reevaluation and expansion of legume varieties integrated 

into agricultural practices. A retailer expressed this sentiment, stating:  

“Legumes didn't have the relevance they have now. We worked on a large project to re-evaluate legumes, for the 

inclusion of at least two varieties of the same legume [in the product range]. For example, we included black chickpeas 

to complete the range of classic chickpeas” (Retailer-lentils) 
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This observation resonates with the sub-node "inter-species diversity," where farmers and retailers 

prioritize crop diversity over introducing additional lentil varieties, envisioning resilient and 

biodiversity-oriented systems. As articulated by a retailer: 

“We believe a lot in the use of legumes, in my opinion it is not so much a theme of variety of lentils, but it is lentil 

instead of beans, instead of chickpeas. It is not intra-variety” (Retailer-lentils) 

Similarly, within the buckwheat segment, the focus leans toward crop diversification within 

sustainable farming practices, where buckwheat can be rotated with legumes or cereals. Despite 

this, both lentils and buckwheat exhibit notable intra-species diversity. Respondents discuss the 

availability and suitability of various buckwheat and lentil varieties, emphasizing unique 

characteristics and suitability to specific geographical region:  

“Our seed supplier, in addition to the Lileja variety, has the Arpe which is another type of buckwheat, a little 

smaller, very productive, but more typical of mountainous areas, unlike here which is a flat area. Then there is 

Bamby, which is always a suitable variety for cultivation even here, but it has a difficult availability, the most 

available is the Lileja variety” (Farmer-buckwheat) 

“Some people use Du Puy, a French variety. Some use Laird, the big Canadian one. Then, some local varieties of 

Altamura lentil have been selected by the PGI consortium and these seem to be the most popular lentils” (Farmer-

lentils) 

These findings underscore a shifting perspective toward agro-biodiversity, particularly within the 

lentil and buckwheat supply chains, where stakeholders recognize the importance of diversifying 

crop varieties. This emphasis on biodiversity in agriculture is in line with the literature which 

demonstrates that resilient, biodiverse agricultural systems can mitigate different agronomic and 

environmental risks associated with monocultures (Scaramuzzi et al., 2021). Additionally, the 

observed inter-species diversity underscores the vast pool of genetic resources available within 

these supply chains, indicating opportunities for further exploration and utilization. Specifically 

for legumes, researchers illustrate that farmers recognize the value of legumes in contributing to 

diversified landscapes, such as through agronomical rotations or indirectly by providing habitats 

and resources to various animal species (Martinelli et al., 2022). 

Finally, findings on product diversity within both supply chains revealed a wide range of lentil and 

buckwheat-based products, encompassing dry products, pre-cooked or ready-to-eat items, and 

derivatives such as lentil flour and pasta. Retailers emphasized the versatility of buckwheat in 

various culinary applications, spanning pasta, pastry, bakery products, and gluten-free alternatives, 

thereby highlighting the diverse product offerings within the lentil and buckwheat supply chains. 

As articulated by a retailer: 
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“[buckwheat]It is quite exclusively a pasta-type product, where buckwheat is not used alone but mixed with other 

ingredients.  We may also find it in some pastry or bakery products. Buckwheat is also used alone in products 

intended for specific diets such as gluten-free, but also in mixtures with other products intended for the more 

conventional market” (Retailer-lentil and buckwheat)  

Discussions on product diversity reveal a vibrant landscape of lentil and buckwheat-based 

offerings, reflecting evolving consumer preferences and dietary trends. As evidence in the 

literature, this diversity not only enhances market opportunities but also contributes to the 

conservation of agro-biodiversity by promoting the utilization of a wider range of crop varieties 

(Verza et al., 2024). Overall, the study underscores the interconnectedness between agro-

biodiversity and product diversity within supply chains, emphasizing the importance of holistic 

approaches to promote biodiversity conservation while meeting consumer demands (Petrontino 

et al., 2023). 

Themes 2-5: Key factors in decision-making 

As far as decision-making factors are concerned, the findings reveal five other themes as follows.  

The first theme arising from the data pertains to all economic aspects of the interviewed firms. 

The economic environment presents significant challenges for lentil production and diversification 

strategies, with price inflation emerging as a prominent concern. Actors along the supply chain 

noted escalating costs of fuel, machinery, inputs, packaging materials, and retail food prices, 

attributing them to inflationary pressures, as the following quotes suggest: 

 “The cost of diesel has increased, as all farm management costs and irrigation cost. Last year we certainly suffered 

from inflation. However, we saw it in all agricultural products made in Italy, not just lentils” (Processor-lentils) 

“Unfortunately, we also had to adjust the sales prices, due to the increase in energy costs. We weren't able to recover 

these expenses, so in these years we really had to deal with it” (Farmer-lentils and buckwheat) 

These findings align with recent evidence indicating a significant increase in food consumer prices 

in latest years. This is attributed to inflation affecting all aspects of the agri-food industry, from 

energy prices to rising costs associated with transportation, packaging, machinery, and labor, 

alongside rising costs of animal feed and fertilizers (European Commission, 2023).  

The second theme concerns market-related aspects. Results show that stakeholders predominantly 

operate through yearly contracts, normally renewed on the basis of long-term relations. This is in 

line with another research study showing that long-term contracts ensure stability for farmers while 

remaining responsive to market shifts and contributing to beneficial outcomes for biodiversity 

(Salmi et al., 2023). These contracts not only stipulate the quality and quantity of purchased 

products but also guarantee a minimum price for suppliers:   
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“We make an annual supply contract before sowing. We guarantee a price that is always the same and does not 

fluctuate according to the market, unless the market rises more than what expected in the contract. We set a price, 

if the market goes up beyond what offered as it happened this year, we follow the market, so the farmer doesn't lose 

out. But if the market goes down, we stay on the minimum guaranteed price” (Retailer-lentils and buckwheat) 

The third theme relates to the issue of climate change, involving all different extreme weather 

events in cultivation of these crops. However, concerns about climate change seem to be mainly 

held by farmers in both supply chains, particularly regarding rising temperatures disrupting crop 

growth throughout the year:  

“In recent years there have been anomalous situations related to temperatures. This year there have been low 

temperatures until the end of April not allowing the crop to grow and then the explosion of temperatures up to 40°C, 

which accelerated ripening” (Farmer-lentils)  

“There have been cooler years. During the flowering period, which is precisely the most decisive period for the yield of 

buckwheat, we were doing well because there were no temperatures that were too high. But unfortunately, the ever-

increasing peak temperatures, even daily ones above 28 degrees, greatly depreciates the yield” (Farmer-buckwheat) 

This aligns with recent literature demonstrating that rising global temperatures have resulted in 

changes in the frequency and intensity of extreme weather events (Anderson et al., 2020). These 

shifts have had a profound effect on crop productivity, leading to a substantial reduction in final 

yields at the farm level. In the upcoming years, agricultural sector and food security are expected 

to face substantial challenges due to climate change, though the impact will vary by region and 

crop. 

The fourth theme focused on policy, specifically actors’ perceptions on recent policy aids related 

to the production of the crops under investigation. In this context, the Common Agricultural 

Policy (CAP) emerges as a significant factor shaping decision-making processes related to 

biodiversity. Farmers express concerns regarding the potential disincentives for cultivating crops 

like lentils due to restrictive regulations, such as the prohibition of pesticide use:  

“The new CAP will not favor lentils, just as other legumes. To get the eco-scheme 4, you need to follow crop rotation 

between cereals and legumes, and in legumes, as in forage crops, the use of pesticides is prohibited. Managing legumes 

without pesticides is very impractical and, in my opinion, this can only lead to the disappearance of this crop.” 

(Farmer-lentils) 

Similarly, buckwheat farmers raised concerns on the CAP policy, where the lack of specific 

regulation on this crop could hinder cultivation in the absence of adequate support: 

“In the drafts of the new CAP, buckwheat was not considered as a honey plant. Instead, it could very well fit into 

eco-scheme 5 and get an integrated contribution, for example, as a minor culture. So, if you don't directly transform 
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buckwheat in your farm, but you have to buy it somewhere else, I don't see how farmers would be able to cultivate it 

without any aid” (Farmer-buckwheat) 

These findings seem to accentuate specific criticisms within the ongoing discussion regarding 

recent revisions to the CAP. Specifically, Cuadros-Casanova et al. (2023) argued that incentives 

favoring the cultivation of crops eligible for economic support have led to increased production 

of a limited range of varieties, consequently leading to the homogenization of cropland and a 

negative impact on biodiversity. Moreover, they also documented the absence of targets or 

interventions aimed at preserving or bolstering the diversity of wild pollinators at both local and 

landscape levels. 

Lastly, a broad theme concerning socio-cultural factors emerged among stakeholders, 

encompassing dimensions such as collaboration and trust in actor relationships, as well as 

perceived consumer preferences. In the lentil supply chain, robust collaboration and trust among 

participants are observable, particularly within Protected Geographical Indication (PGI) systems 

such as consortiums or cooperatives, where stakeholders work closely together to uphold quality 

standards and promote mutual benefits within the supply network. Additionally, processors and 

retailers exhibit a heightened understanding of end consumers' preferences regarding attributes 

such as origin and cultivation methods, placing less emphasis on specific varieties: 

 “Up to now consumers have always seen lentils as a fairly basic product, with no specific demand for particular 

varieties. […] Through our private label, we had the chance to introduce an organic product, focusing on cultivation 

methods rather than the type of lentil. Moreover, our goal is to work with products that are 100% Italian, […] 

sourced from various regions across Italy.” (Retailer-lentils and buckwheat)  

Recent literature evidence has validated these findings, demonstrating that attributes such as 

cultivation methods (such as organic) and origin exert a greater influence on market prices and 

consumer preferences compared to intrinsic characteristics like color and variety (Acciani et al., 

2020; Verza et al., 2024). Furthermore, based on these results, it seems consumer behavior is 

evolving, particularly in the case of buckwheat, which is increasingly perceived as a crop for 

preference rather than a dietary need. This trend reflects changing tastes in the market, as 

evidenced by a processor: 

“What we have witnessed is that there has been an evolution on the part of the consumer. Not only the celiac 

consumer intolerant buys this type of pasta, but it has now become a pasta by choice and therefore not just by necessity. 

This has also characterized an evolution on the shelf, so much that in some distribution chains we are no longer 

included in the gluten-free pasta category, but we are in the shelf of special pasta, close to whole wheat pasta, spelled 

pasta, kamut etc. This suggests that the consumer today also chooses this product not for a medical problem, but by 

choice” (Processor-lentils and buckwheat) 
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These findings are consistent with recent research suggesting that individuals without celiac disease 

are increasingly adopting a gluten-free diet by choice, perceiving it as a more health-conscious 

dietary option (Xhakollari et al., 2021) 

Themes 6 & 7: Barriers and drivers towards biodiversity management 

Within the scope of this study, we identified the key barriers and drivers influencing the adoption 

of biodiversity management practices among various stakeholders in the supply chains under 

investigation. Figure 5 presents the radar charts depicting the drivers and barriers across three key 

actors: farmers, processors, and retailers. The variation in scales across charts reflects the differing 

frequency with which each topic was mentioned, offering a comparative analysis of the relative 

importance of various drivers and barriers for each group.  

Notably, farmers voice substantial concerns about barriers that impede biodiversity promotion, 

including significant variations in performance and yield among different crop varieties (including 

PGI lentil types), as well as high production costs. Implementation of crop diversification is also 

challenged by limited land availability and inadequate technical expertise. This is consistent with 

Meynard et al. (2013) who found that certain diversification crops lack technical understanding, 

leading to failure and abandonment of the crop. Further challenges arise from unpredictable 

weather conditions, and in the case of buckwheat, soil and terrain that are unsuitable, contributing 

to reduced productivity and low or no yields at all in recent years. These findings are in line with 

Morel et al. (2020) who identified major barriers to crop diversification at the farm level, such as 

insufficient technical knowledge about minor crops, lack of appropriate equipment, and the 

absence of crop varieties suited to local conditions. For example, buckwheat is found to grow best 

on specific soil types, particularly sandy and acidic soils in high-latitude or northern regions (Small, 

2017). However, the current study indicates that cultivating different types of lentils or buckwheat 

does not necessarily require special farming practices; the processes remain relatively standard. 

While legumes and protein crops can be harvested using the same equipment as cereals, other 

crops like oilseeds require specific harvesting machinery (Meynard et al., 2013). Despite these 

challenges, buckwheat farmers specifically appreciate that growing this crop can diversify their 

products, attract central purchasers, and secure contracts with buyers throughout the year, thereby 

ensuring the continuity of farm operations. Beyond business benefits, buckwheat cultivation is 

valued for its contributions to the ecosystem through flowering and pollination.  

Similarly, processors identify both drivers and barriers. At this stage, they note that barriers to 

diversifying could be found in high management costs and lack of consumer interest and demand 

for differentiated varieties in the market, specifically in the case of lentils. This observation aligns 
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with earlier studies indicating that neither the variety nor the color of lentils has a significant impact 

on consumer purchasing decisions (Verza et al., 2024). However, processors of lentils and 

buckwheat generally focus on the benefits associated with biodiversity management. They 

recognize that offering a diverse range of products and varieties can attract novelty-seeking 

consumers and support business continuity, especially when certain varieties are not available in 

the market at a given time. 

Lastly, retailers seem to encounter various obstacles when it comes to implementing biodiversity 

strategies. These include high management costs, limited consumer interest in differentiated crops, 

restricted storage space, and small volumes of these specialized varieties which prevent from 

meeting market demand quantities. This is confirmed by Morel et al. (2020) who found logistics 

to be the major issue with high costs and no suitable facilities to collect, store and manage small 

volumes of new crops.  According to Meynard et al. (2018) and Morel et al. (2020), limited volumes 

available across different regions drive up transaction costs and disadvantage minor crops at both 

the processing and retail stages. Despite these barriers, in this study, retailers recognize that a high 

level of product differentiation can boost novelty appeal, profitability for all value chain actors, 

and consumer interest. These findings are in line with Lami et al. (2023), showing profitability as 

a key driver for adopting certain supply chain management practices. Additionally, retailers note 

that these differentiated products, when reaching the retail stage, not only adhere to standard 

production practices but can also offer added value. As illustrated by Sacchi et al. (2019), the 

capacity to generate added value in the supply chain relies on a combination of factors. For 

instance, product differentiation based on quality attributes like ancient varieties or organic farming 

methods, along with the re-territorialization of relationships among farmers, processors, and 

consumers, are critical factors to creating this added value. 
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Figure 5. Barriers and Drivers. 

 

2.5 Conclusions 

The aim of this chapter was to provide valuable insights into the interplay between actors and 

biodiversity within agri-food supply chains, highlighting the pivotal role of each node in shaping 

biodiversity management practices. The research elucidates the multifaceted nature of biodiversity 

within supply chain management, investigating key factors influencing decision-making of supply 

chain actors, and the barriers and drivers affecting the adoption of biodiversity conservation 

strategies. 

Key findings of the study highlight a growing recognition among stakeholders of the importance 

of biodiversity, with a particular emphasis on prioritizing crop inter-species diversity over intra-

species diversity. However, the latter underscores the vast genetic resources available within these 

supply chains, presenting promising opportunities for exploration and utilization. Discussions on 

product diversity unveil a large landscape of lentil and buckwheat-based offerings, reflecting 

evolving consumer preferences and dietary trends. Decision-making processes within these supply 

chains are significantly influenced by various factors, encompassing economic concerns, market-

related aspects, long-term contracts, and climate change issues. Policy-related factors, particularly 
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perceptions of recent policy aids, also significantly shaped decision-making processes related to 

biodiversity.  

Finally, we identified factors that could hinder or promote the adoption of biodiversity 

conservation strategies. Our findings show that stakeholders encounter barriers such as high 

farming costs, limited land availability and storage space, technical knowledge gaps, and challenges 

related to consumer interest and market demand. Nonetheless, there is a consensus among 

stakeholders on the potential of biodiversity management to enrich product diversity and 

contribute to ecosystem benefits and sustainable agri-food supply chains. 

In summary, this chapter emphasizes the essential contribution of all stakeholders within agri-food 

supply chains to biodiversity management practices. It underscores the importance of 

comprehensive strategies that align economic objectives with conservation policies across the 

entire sector. 

Policy and managerial implications 

The findings of this study underscore the importance of targeted policies that promote agro-

biodiversity and product diversity within agri-food supply chains. Policymakers should focus on 

revising and enhancing existing frameworks, such as the Common Agricultural Policy (CAP), to 

better support the cultivation of diverse crop varieties, including legumes and underutilized crops. 

For instance, current policy measures, such as the prohibition of pesticide use in legume 

cultivation, present significant barriers to biodiversity adoption, as identified by farmers. This 

highlights the necessity for policy adjustments that balance environmental conservation goals with 

the practical demands of crop management. Moreover, policy frameworks should incorporate 

specific provisions for underutilized crops such as buckwheat, particularly recognizing their 

contribution to pollination and sustainable farming systems. Strengthened support mechanisms 

for these crops within CAP Eco-schemes could help prevent their decline and foster greater 

ecological sustainability across Europe.  

In addition, policies aimed at stabilizing market conditions for agricultural inputs, such as fuel and 

machinery, are essential to address inflationary pressures that threaten the profitability and 

sustainability of farming operations. Efforts should be made to streamline access to CAP funding 

and simplify regulatory processes, particularly for smallholder farmers and those in cooperative 

systems, ensuring that they can continue to meet consumer demand while adhering to 

environmental standards. 

From a managerial perspective, actors across the supply chain—farmers, processors, and 

retailers—must adopt strategies that effectively address both the drivers and barriers to 
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biodiversity management. Farmers should prioritize capacity-building initiatives to enhance their 

technical knowledge in crop diversification. Specifically, they should focus on adopting inter-

species diversity and integrating leguminous crops and cereals into rotational systems, which can 

improve both ecological resilience and economic viability. In addition, forming partnerships with 

seed suppliers to access a broader range of regionally adapted crop varieties could help mitigate 

risks associated with crop variability and climate change. 

Processors, on the other hand, should explore opportunities to innovate within their product 

offerings, focusing on the potential for product differentiation and added value through 

biodiversity management. As consumer preferences increasingly shift towards gluten-free and 

health-conscious products, processors can seize new market opportunities by introducing 

diversified and sustainable product offerings and attracting novelty-seeking consumers. 

Retailers, meanwhile, should focus on increasing the visibility and marketability of biodiversity-

driven products. Emphasizing the environmental benefits and sustainability credentials of these 

products—such as organic cultivation methods and their contribution to agro-biodiversity—can 

help capture the growing consumer interest in eco-friendly and health-oriented products. Retailers 

must also address logistical challenges by fostering stronger collaboration with processors and 

farmers to enhance supply chain efficiency. This includes optimizing storage and distribution 

systems for smaller product volumes and improving networks to increase the availability and 

appeal of biodiversity-enhanced products in the marketplace. 

Collaboration among all supply chain actors, alongside policymakers, is essential to tackle these 

challenges and foster the growth of sustainable biodiverse food products in the future. 

Limitations and future research 

While this research offers valuable insights, it is crucial to acknowledge some limitations that might 

affect its applicability and validation in other contexts. Firstly, while allowing for in-depth analysis, 

the study's relatively small number of participants could limit generalizability. Additionally, the 

study focused on two case studies in Italy, suggesting that the results may not apply to other regions 

with different institutional settings. Therefore, additional research is recommended to explore 

biodiversity across diverse settings where it may take other meaning and across various case studies 

to identify shared challenges and best practices.  

Future research could also explore additional factors affecting the transition to biodiversity-

oriented food systems, including technological innovations, additional stakeholder involvement 

(like government bodies and industry associations), and social networks to assess the societal 

impact of biodiversity practices. Finally, this study lays the groundwork for future quantitative 
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research to model the complex relationships within the agri-food supply chain and their effects on 

biodiversity, leading to more data-driven recommendations for sustainable agricultural practices. 

2.6 References 

Acciani, C., De Boni, A., Bozzo, F., & Roma, R. (2020). Pulses for Healthy and Sustainable Food 

Systems: The Effect of Origin on Market Price. Sustainability, 13(1), 185. 

https://doi.org/10.3390/su13010185 

Alcon, F., Marín-Miñano, C., Zabala, J. A., de-Miguel, M.-D., & Martínez-Paz, J. M. (2020). 

Valuing diversification benefits through intercropping in Mediterranean agroecosystems: A choice 

experiment approach. Ecological Economics, 171, 106593. 

https://doi.org/10.1016/j.ecolecon.2020.106593 

Altieri M.A., Nicholls C.I., Henao A., Lana M.A., 2015. Agroecology and the design of climate 

change-resilient farming systems, Agronomy for Sustainable Development. 35, 869–890. 

https://doi.org/10.1007/s13593-015-0285-2. 

Anderson, R., Bayer, P. E., & Edwards, D. (2020). Climate change and the need for agricultural 

adaptation. Current Opinion in Plant Biology, 56, 197–202. https://doi.org/10.1016/j.pbi.2019.12.006 

Barratt, M., Choi, T. Y., & Li, M. (2011). Qualitative case studies in operations management: 

Trends, research outcomes, and future research implications. Journal of Operations Management, 29(4), 

329–342. https://doi.org/10.1016/j.jom.2010.06.002 

Blanco-Zaitegi, G., Álvarez Etxeberria, I., & Moneva, J. M. (2022). Biodiversity accounting and 

reporting: A systematic literature review and bibliometric analysis. Journal of Cleaner Production, 371, 

133677. https://doi.org/10.1016/j.jclepro.2022.133677 

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in 

Psychology, 3(2), 77–101. https://doi.org/10.1191/1478088706qp063oa 

Bromiley, P., & Rau, D. (2014). Towards a practice‐based view of strategy. Strategic Management 

Journal, 35(8), 1249–1256. https://doi.org/10.1002/smj.2238 

Brunori, A., Brunori, A., Baviello, G., Marconi, E., Colonna, M., & Ricci, M. (2005). The yield of 

five buckwheat (Fagopyrum esculentum Moench) varieties grown in Central and Southern Italy. 

Fagopyrum, 22, 98–102. 

Carter, C. R., Kosmol, T., & Kaufmann, L. (2017). Toward a Supply Chain Practice View. Journal 

of Supply Chain Management, 53(1), 114–122. https://doi.org/10.1111/jscm.12130 

Cuadros-Casanova, I., Cristiano, A., Biancolini, D., Cimatti, M., Sessa, A.A., Mendez Angarita, 

V.Y., Dragonetti, C., Pacifici, M., Rondinini, C., Di Marco, M., 2023. Opportunities and challenges 



 

48 

 

for Common Agricultural Policy reform to support the European Green Deal. Conservation 

Biology 37. https://doi.org/10.1111/cobi.14052 

De Sá M.M.D., Miguel P.L.D.S., Brito R.P.D., Pereira S.C.F., 2019. Supply chain resilience: the 

whole is not the sum of the parts, International Journal of Operations & Production Management 

40, 92–115. https://doi.org/10.1108/IJOPM-09-2017-0510. 

European Commission. (2022). Proposed CAP Strategic Plans and Commission observations Summary 

overview for 27 Member States. 

European Commission, Monitoring the twin transition of industrial ecosystems: Agri-food, 

European Monitor of Industrial Ecosystems (EMI), 2023. 

FAO. (2004). What is Agrobiodiversity? Retrieved from: 

https://www.fao.org/3/y5956e/Y5956E03.htm (accessed 3.15.24). 

FAO. (2007). Pollinators: Neglected biodiversity of importance to food and agriculture. Commission on 

Genetic resources for food and agriculture. 

FAO. (2019). The state of the world’s biodiversity for food and agriculture, J. B langer & D. Pilling 

(eds.). FAO Commission on Genetic Resources for Food and Agriculture Assessments, Rome. 

Finocchiaro, G., & Piccini, C. (2008). Biodiversity and natural, agricultural, and forest areas. In Key 

topics. Italian Environmental Data Yearbook. ISPRA – Institute for Environmental Protection and 

Research. 

Fraser, J. A., Alves-Pereira, A., Junqueira, A. B., Peroni, N., & Clement, C. R. (2012). Convergent 

Adaptations: Bitter Manioc Cultivation Systems in Fertile Anthropogenic Dark Earths and 

Floodplain Soils in Central Amazonia. PLoS ONE, 7(8), e43636. 

https://doi.org/10.1371/journal.pone.0043636 

Garcia-Yi, J. (2014). Market Participation and Agro-Biodiversity Loss: The Case of Native Chili 

Varieties in the Amazon Rainforest of Peru. Sustainability, 6(2), 615–630. 

https://doi.org/10.3390/su6020615 

Hellin, J., Higman, S., & Keleman, A. (2010). Value chain coordination for agrobiodiversity 

conservation. In S. Lockie and D. Carpenter (eds). Agriculture, Biodiversity, and Markets: Livelihoods and 

Agroecology in Comparative Perspective (pp. 213–228). Earthscan. 

Kaufmann L., Den N., 2011. How to demonstrate rigor when presenting grounded theory research 

in the supply chain management literature, Journal of Supply Chain Management 47, 64–72. 

https://doi.org/10.111/j.1745-493X.2011.03246.x. 



 

49 

 

Kaur, M., Sandhu, K. S., Arora, A., & Sharma, A. (2015). Gluten free biscuits prepared from 

buckwheat flour by incorporation of various gums: Physicochemical and sensory properties. LWT 

- Food Science and Technology, 62(1), 628–632. https://doi.org/10.1016/j.lwt.2014.02.039 

Kehoe L., Romero-Muñoz A., Polaina E., Estes L., Kreft H., Kuemmerle T. (2017). Biodiversity 

at risk under future cropland expansion and intensification, Nature Ecology & Evolution, 1(8), 

1129–1135. https://doi.org/10.1038/s41559-017-0234-3. 

Knudsen, M. T., Dorca-Preda, T., Djomo, S. N., Peña, N., Padel, S., Smith, L. G., Zollitsch, W., 

Hörtenhuber, S., & Hermansen, J. E. (2019). The importance of including soil carbon changes, 

ecotoxicity and biodiversity impacts in environmental life cycle assessments of organic and 

conventional milk in Western Europe. Journal of Cleaner Production, 215, 433–443. 

https://doi.org/10.1016/j.jclepro.2018.12.273 

Kok, M., Alkemade, R., Bakkenest, M., Boelee, E., Christensen, V., van Eerdt, M., van der Esch, 

S., Janse, J., Karlsson-Vinkhuyzen, S., Kram, T., Lazarova, T., Linderhof, V., Lucas, P., Mandryk, 

M., Meijer, J., van Oorschot, M., Teh, L., van Hoof, L., Westhoek, H., & Zagt, R. (2014). How 

Sectors Can Contribute to Sustainable Use and Conservation of Biodiversity (CBD Technical Series No 79, 

PBL Report Number 01448). PBL Netherlands Environmental Assessment Agency. 

Lami, O., Mesías, F. J., & Horrillo, A. (2023). A qualitative study on the development of short 

supply channels in the Spanish agri-food sector: Producers’ perspectives and expectations. Journal 

of Agriculture and Food Research, 14, 100894. https://doi.org/10.1016/j.jafr.2023.100894 

Lin, B. B. (2011). Resilience in Agriculture through Crop Diversification: Adaptive Management 

for Environmental Change. BioScience, 61(3), 183–193. https://doi.org/10.1525/bio.2011.61.3.4 

Lockie, S., & Carpenter, D. (2010). Agriculture, biodiversity and markets. In S. Lockie and D. 

Carpenter (eds). Agriculture, Biodiversity, and Markets: Livelihoods and Agroecology in Comparative Perspective 

(pp. 1–14). Earthscan. 

Martinelli, F., Vollheyde, A.-L., Cebrián-Piqueras, M. A., Von Haaren, C., Lorenzetti, E., Barberi, 

P., Loreto, F., Piergiovanni, A. R., Totev, V. V., Bedini, A., Kron Morelli, R., Yahia, N., Rezki, M. 

A., Ouslim, S., Fyad-Lameche, F. Z., Bekki, A., Sikora, S., Rodríguez-Navarro, D., Camacho, M.,  

Yousefi, S. (2022). LEGU-MED: Developing Biodiversity-Based Agriculture with Legume 

Cropping Systems in the Mediterranean Basin. Agronomy, 12(1), 132. 

https://doi.org/10.3390/agronomy12010132 

Meynard J.M., Charrier F., Fares M., Le Bail M., Magrini M.B., Charlier A., Messéan A. (2018). 

Socio-technical lock-in hinders crop diversification in France, Agronomy for Sustainable Development, 

38, 54. https://doi.org/10.1007/s13593-018-0535-1. 



 

50 

 

Meynard J.M., Messéan A., Charlier A., Charrier F., Fares M., Le Bail M., Magrini M.-B. (2013). 

Crop diversification: obstacles and levers Study of farms and supply chains, Synopsis of the study 

report, INRA, pp.1-59. https://doi.org/10.13140/RG.2.1.3473.3287. 

Morel, K., Revoyron, E., San Cristobal, M., & Baret, P. V. (2020). Innovating within or outside 

dominant food systems? Different challenges for contrasting crop diversification strategies in 

Europe. PLOS ONE, 15(3), e0229910. https://doi.org/10.1371/journal.pone.0229910 

Notarnicola, B., Tassielli, G., Renzulli, P. A., Castellani, V., & Sala, S. (2017). Environmental 

impacts of food consumption in Europe. Journal of Cleaner Production, 140, 753–765. 

https://doi.org/10.1016/j.jclepro.2016.06.080 

Patton, M. Q. (2002). Qualitative research and evaluation methods (3rd ed.). Sage Publications. 

Petrontino, A., Frem, M., Fucilli, V., Labbate, A., Tria, E., & Bozzo, F. (2023). Ready-to-Eat 

Innovative Legumes Snack: The Influence of Nutritional Ingredients and Labelling Claims in 

Italian Consumers’ Choice and Willingness-to-Pay. Nutrients, 15(7), 1799. 

https://doi.org/10.3390/nu15071799 

Sacchi, G., Belletti, G., Biancalani, M., Lombardi, G., & Stefani, G. (2019). The valorisation of 

wheat production through locally-based bread chains: Experiences from Tuscany. Journal of Rural 

Studies, 71, 23–35. https://doi.org/10.1016/j.jrurstud.2019.09.006 

Salmi, A., Quarshie, A. M., Scott-Kennel, J., & Kähkönen, A.-K. (2023). Biodiversity management: 

A supply chain practice view. Journal of Purchasing and Supply Management, 29(4), 100865. 

https://doi.org/10.1016/j.pursup.2023.100865 

Sancha, C., Longoni, A., & Giménez, C. (2015). Sustainable supplier development practices: 

Drivers and enablers in a global context. Journal of Purchasing and Supply Management, 21(2), 95–102. 

https://doi.org/10.1016/j.pursup.2014.12.004 

Scaramuzzi, S., Gabellini, S., Belletti, G., & Marescotti, A. (2021). Agrobiodiversity-Oriented Food 

Systems between Public Policies and Private Action: A Socio-Ecological Model for Sustainable 

Territorial Development. Sustainability, 13(21), 12192. https://doi.org/10.3390/su132112192 

Sonnante G., Pignone D. (2007). The major Italian landraces of lentil (Lens culinaris Medik.): Their 

molecular diversity and possible origin, Genetic Resources and Crop Evolution, 54, 1023–1031. 

https://doi.org/10.1007/s10722-006-9153-x. 

Tsolakis, N. K., Keramydas, C. A., Toka, A. K., Aidonis, D. A., & Iakovou, E. T. (2014). Agrifood 

supply chain management: A comprehensive hierarchical decision-making framework and a critical 

taxonomy. Biosystems Engineering, 120, 47–64. 

https://doi.org/10.1016/j.biosystemseng.2013.10.014 



 

51 

 

UNEP/CBD. (1992). Convention on Biological Diversity (UNEP/CBD/94:1). 

Verza, M., Ceccacci, A., Frigo, G., Mulazzani, L., & Chatzinikolaou, P. (2024). Legumes on the 

Rise: The Impact of Sustainability Attributes on Market Prices. Sustainability, 16(7), 2644. 

https://doi.org/10.3390/su16072644 

Villena V.H., Gioia D.A. (2018). On the riskiness of lower‐tier suppliers: Managing sustainability 

in supply networks, Journal of Operations Management, 64, 65–87. 

https://doi.org/10.1016/j.jom.2018.09.004. 

Weituschat C.S., Pascucci S., Materia V.C., Blasi E. (2023). Understanding the role of value chain 

formation in the scaling of crop diversification, Agronomy for Sustainable Development, 43(25). 

https://doi.org/10.1007/s13593-023-00866-z. 

Xhakollari, V., Canavari, M., & Osman, M. (2021). Why people follow a gluten-free diet? An 

application of health behaviour models. Appetite, 161, 105136. 

https://doi.org/10.1016/j.appet.2021.105136 

Yin, R. K. (2014). Case Study Research Design and Methods (5th ed., Vol. 30). Sage, Thousand Oaks. 

https://utpjournals.press/doi/10.3138/cjpe.30.1.108 

 

 

 



 

52 

 

Chapter 3  
Underutilized Crops for 
Resilient Agri-Food 
Systems: Spatial 
Modeling and Farmer 
Adoption of Buckwheat 
in Italy 

 
This study has been submitted to Frontiers in Sustainable Food Systems. 
 
 
 
Verza Marta*, Camanzi Luca, Mulazzani Luca, Giampaolo Antonio, Rodriguez Santiago, Malorgio 
Giulio, Mattas Konstadinos 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

53 

 

3.1 Introduction  

Agricultural systems globally have increasingly become standardized in response to the food 

production demands of growing populations, driven by the need to optimize large-scale efficiency, 

maximize economic profitability, and minimize short-term operational and financial risks 

(Ramankutty et al., 2018). As a result, a growing proportion of farmland is now dominated by 

intensive high-yielding monocultures, including extensive use of chemical fertilizers and pesticides, 

and unsustainable farming practices (FAO, 2019). Researchers have expressed concerns about the 

risks posed by these simplified cropping systems, emphasizing their lack in meeting human 

nutritional needs and diversified diet (Snapp, 2020), their detrimental effects on soil health, and 

their contribution to the ongoing decline in biodiversity (FAO, 2019). 

In response to these challenges, crop diversification is gaining recognition as a strategy that offers 

considerable benefits for biodiversity and agricultural landscapes, while also strengthening supply 

chains though increased market opportunities and promoting more stable and diverse food trade 

(Morel et al., 2020). A particularly promising aspect of this approach is the inclusion of neglected 

and underutilized species (NUS) in crop rotation strategies. Despite their considerable ecological, 

nutritional, and economic advantages, NUS have been largely overlooked by modern agriculture 

and commercial markets (Padulosi et al., 2013). These crops are inherently resilient to changing 

environmental conditions, making them crucial for climate adaptation strategies (Mustafa et al., 

2019). Additionally, NUS contribute to soil health and enhance on-farm biodiversity, fostering 

more sustainable and robust agricultural systems (Mabhaudhi et al., 2022), while their rich 

micronutrient content supports dietary diversification and helps addressing food security 

challenges (Padulosi et al., 2013; Ali and Bhattacharjee, 2023).  

The growing emphasis on crop diversification, including the use of NUS, aligns closely with 

emerging agricultural policies to promote sustainability. A notable example is the European 

Union's new Common Agricultural Policy (CAP) for 2023-2027, which advocates for sustainable 

agricultural practices and diversified food systems (European Commission, 2022). The policy 

introduces Eco-schemes—voluntary programs offering financial incentives to encourage farmers 

to adopt more sustainable agri-environmental practices. Italy represents a particularly relevant 

example of a member state implementing Eco-schemes under the new CAP, as its agricultural 

priorities closely align with the key objectives of crop diversification and biodiversity enhancement.  

Italy’s agricultural strategy includes Eco-scheme 4, which promotes crop rotation to improve soil 

health and better manage pests, and Eco-scheme 5, which supports the cultivation of melliferous 

crops to enhance biodiversity through improved pollination (Atorino et al., 2023). In Italy, 

buckwheat (Fagopyrum esculentum) is an exemplary NUS crop that aligns with the country’s 
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implementation of Eco-schemes under the new CAP. Its short growth cycle makes it highly 

suitable for crop rotations and inter-cropping, directly supporting the objectives of Eco-scheme 4 

(Knez et al., 2023). Furthermore, buckwheat is recognized as a melliferous crop under Eco-scheme 

5 due to its capacity to enhance pollination and biodiversity (Small, 2017). This demonstrates Italy's 

commitment to harmonizing national agricultural strategies with broader EU policies, while also 

integrating the ecological and economic benefits of NUS crops like buckwheat into context-

specific interventions. However, despite the frequent promotion of farming diversification with 

NUS crops as a pathway to more sustainable agricultural production, its actual adoption remains 

relatively limited at the global scale (Sánchez et al., 2022).  

This chapter, therefore, aims to explore the factors influencing the adoption of an underutilized 

crop—buckwheat—among farmers in Italy. Specifically, the study seeks to assess the effects of 

variables such as contract prices, farmers' willingness to adopt, and the impact of different 

diffusion scenarios on buckwheat adoption over time and space. To achieve these objectives, a 

spatially explicit agent-based model (ABM) is employed.  

The model simulates farmers' crop rotation decisions and their subsequent adoption of buckwheat, 

taking into account expected profits from traditional row crops, both with and without the 

inclusion of buckwheat, under various profit conditions and varying contract prices. Additionally, 

it incorporates diverse diffusion dynamics and varying levels of willingness to adopt, allowing to 

account for the interplay between economic incentives and adoption patterns. This model offers 

a robust framework for simulating and analyzing farmer behavior, price dynamics, and spatial 

diffusion processes, providing valuable insights into the potential spread of buckwheat under 

different conditions. The agent-based modeling (ABM) approach is particularly well-suited for 

agricultural systems, as it captures the complexity of farmers' decision-making processes while 

accounting for their interactions with external factors (Marvuglia et al., 2022). 

The findings are intended to inform policy recommendations that align with recent agricultural 

policies, particularly those promoting the inclusion of underutilized crops in crop rotation 

strategies. Additionally, this research provides guidance on developing effective market strategies 

and pricing mechanisms to support crop diversification and the recovery of underutilized crops 

within the Italian agri-food system. 

This chapter is structured as follows. Section 2 provides a critical review of the literature on factors 

influencing adoption of NUS.  Section 3 details the data and the area of analysis, the parameters, 

and the sub-models. Following this, Section 4 presents the results. Section 5 discusses the results, 

highlighting the key implications of the study, along with its limitations and potential directions 

for future research. Finally, Section 6 presents the conclusion of the chapter. 
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3.2 Challenges and opportunities in adopting crop 
diversification with NUS crops  

Based on relevant literature review, this section lays the groundwork for understanding the key 

factors influencing the adoption of neglected and underutilized species (NUS) within agricultural 

systems. By identifying the challenges and opportunities associated with NUS crops, this section 

highlights the core economic, behavioral, and environmental variables that shape farmers’ 

adoption decisions.  

Crop diversification, especially through the inclusion of neglected and underutilized species 

(NUS), presents both significant opportunities and challenges in the pursuit of more sustainable 

agricultural practices. NUS include non-commodity wild or cultivated plant species and crop wild 

relatives once popular but now marginalized by mainstream agriculture due to various agronomic, 

economic, social, and cultural factors (Mabhaudhi et al., 2022). The renewed interest in NUS, 

driven by concerns over biodiversity loss and the need for more resilient agricultural systems, has 

highlighted their potential benefits. Practices like crop rotation and inter-cropping with NUS crops 

are increasingly recognized for their ability to contribute to productivity and resilience (Makate et 

al., 2016), improve biodiversity and ecosystem services including pollination, soil nutrients, and 

water regulation (Sánchez et al., 2022), and improve adaptation to climatic challenges (Mustafa et 

al., 2019; Mabhaudhi et al., 2022). From a nutritional perspective, NUS crops, such as quinoa, 

buckwheat, lentils and millets, offer significant potential for diversifying diets and improving food 

security (Zhu, 2021; Ali and Bhattacharjee, 2023). Buckwheat, for instance, has gained attention 

for its gluten-free properties, making it a valuable crop for the growing market of gluten-intolerant 

consumers (Brunori et al., 2005). Despite these promising attributes, research on the use of NUS 

crops, particularly buckwheat, in intercropping systems remains limited. The lack of 

comprehensive research on buckwheat highlights the need for further investigation across 

different contexts to fully understand its role as an intercropping partner (Landschoot et al., 2024). 

Nevertheless, the adoption of underutilized crops in agriculture presents numerous economic, 

behavioral, and environmental challenges. These include price and yield uncertainties (Knez et al., 

2023), limited experience with new management practices, the high cost of crop-specific 

equipment (Odeku et al., 2024), and behavioral factors like the influence of neighboring farmers 

on adoption decisions (Defrancesco et al., 2008).  Environmental concerns, such as the effects of 

climate change and temperature fluctuations, can also be determinant factors for farmers' decisions 

on cultivating underutilized crops (Mabhaudhi et al., 2022). Furthermore, the lack of an established 

market remains a critical obstacle to the widespread adoption of these crops (Knez et al., 2023). 
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The implications of biodiversity loss on market structures have become more evident as global 

crises, such as conflicts, pandemics, and political instability, disrupt food supply chains.  

The interconnected nature of these challenges highlights the structural difficulties that 

underutilized crops face in today’s agricultural landscape. Traditional agribusinesses and global 

food supply chains tend to prioritize large-scale producers who specialize on a narrow selection of 

conventional crops, making it increasingly difficult for diversified farms cultivating more ancient 

or underutilized crops to compete and maintain viable economic returns (Stringer et al., 2020). 

Moreover, the influence of neighboring farmers plays a pivotal role in adoption decisions, as 

research suggests that farmers often rely on peer behavior when deciding whether to adopt new 

crops or practices (Ha Thu et al., 2020; Tran-Nam and Tiet, 2022). This behavioral dynamic can 

either facilitate or hinder the spread of underutilized crops, depending on the choices made by 

local farming communities. Furthermore, contract prices and market uncertainties pose significant 

challenges. Fluctuating market prices, combined with unpredictable yields, make it difficult for 

farmers to assess the economic viability of cultivating NUS crops (Knez et al., 2023). The lack of 

a well-structured market further exacerbates these challenges, as farmers struggle to secure 

contracts or ensure profitable returns, reducing their willingness to adopt or expand the cultivation 

of these crops. Addressing these challenges is crucial in the context of increasing global 

uncertainties, such as market disruptions, climate change, and biodiversity loss.  

A deeper understanding of the economic and behavioral factors influencing the adoption of NUS 

crops will help inform policies and interventions that support their sustainable integration into 

modern agricultural practices. 

3.3 Materials and method 

In response to the growing concerns over biodiversity loss and the economic impacts of 

agricultural practices, mathematical programming models, including agent-based modeling (ABM), 

are gaining increased attention in the literature for their ability to assess these multifaceted 

challenges (Gohin, 2006; Dessart et al., 2019). ABM is a modelling technique that has been used 

to simulate the interactions between autonomous decision-making entities, called agents, and the 

environment in which they operate (Kremmydas et al., 2018). In the context of agri-food systems, 

the ABM approach has been successfully used to explore agricultural systems’ transformations and 

to evaluate the long-term impacts of farming decisions on both ecological and economic 

dimensions (Fernandez-Mena et al., 2020; Zagaria et al., 2021). Farmer agents within ABMs are 

designed to adapt to dynamic conditions and are typically embedded within a spatial framework 
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(Alexander et al., 2013), enabling the model to examine the interplay between individuals’ behavior, 

market forces, and the environment (Johnson and Salemi, 2022). 

Based on the TAPAS (“Take A Previous model and Add Something”) approach,  which 

emphasizes enhancing existing models and applying them to new geographical contexts and case 

studies (Frenken, 2006), this study builds upon a previously established framework (Ullah and 

Crooks, 2022) to simulate farmers’ adoption of buckwheat in a spatially explicit ABM. This method 

allows for a cumulative advancement of knowledge, testing previous models within different 

environments, utilizing real data and a defined study area for context-specific results and more 

accurate model predictions (Castellani et al., 2019). For details, see the Appendix (Annex 3), 

following the ODD protocol (Grimm et al., 2010). 

Study area 

Italy has a rich genetic diversity, agricultural heritage, and culinary tradition with buckwheat 

(Brunori et al., 2005). However, there remains a considerable gap between domestic production 

and imports, with only 126.6 tons produced in 2022 across approximately 118 hectares, while 

annual imports exceed 10,000 tons (ISTAT, 2020).  

Optimal conditions for buckwheat are found in mountainous and high hill areas, particularly in 

Central-Northern Italy. Nine regions were selected as case studies based on data coming from the 

RICA database: Veneto, Emilia-Romagna, Lazio, Tuscany, Marche, Lombardy, Umbria, Piedmont 

and Friuli-Venezia Giulia (RICA, 2022) (Figure 6). These data underscore regional disparities in 

utilized land for buckwheat cultivation, stressing the importance of strategic regional planning. 

Furthermore, the growing demand for buckwheat-based food supports the potential for expanding 

buckwheat cultivation also in plain regions like Veneto and Emilia-Romagna, where buckwheat 

may represent an alternative and innovative crop (Gaifami and Piazzi, 2022). 

Figure 6. Regional land availability for buckwheat production. 
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Data description 

Geospatial data 

Geospatial data of the nine Italian regions were imported from an open shapefile of the EEA 

geospatial data catalog and processed in Q-GIS (European Environment Agency, 2024). IDs of 

adjacent polygons for each region were stored in a text file and imported into NetLogo 6.3.0 to 

identify neighborhood boundaries. Since farmers in close proximity are likely to know each other, 

incorporating GIS data into agent definitions in ABMs is increasingly common in the literature 

(Marvuglia et al., 2022). To protect data privacy, information on provinces and altimetric zones 

was omitted, and no precise farm-level information was used, given the small representative sample 

of buckwheat farmers in the RICA database (average of 14 farmers in last 5 years) (RICA, 2022). 

Key economic and production variables 

The key variables—yield, production cost, and price— are used to evaluate the profitability of 

integrating buckwheat into traditional crop rotations. Production costs include operating expenses 

such as fertilizers, pesticides, seeds, contracting, irrigation, insurance, and certifications, excluding 

overhead costs like labor, machinery, and taxes. Since buckwheat is typically cultivated as interlayer 

row crop, it does not require additional machinery, meaning that only operational costs are taken 

into account. Table 4 presents data on yields, prices, and production costs for four major 

traditional crops, along with buckwheat, from 2011 to 2022 (RICA, 2022). Based on RICA data, 

buckwheat yield and costs have been classified into three categories—low, average, and high—

each associated with distinct contract prices over the last 10 years (Table 4).  

These data have been used to feed the model, enabling it to simulate various scenarios of 

buckwheat adoption and to assess the potential economic outcomes under different profit 

conditions. 

Table 4. Model parameters and values for simulation (μ, σ). 

Parameters Values for simulation 

Yield Soft wheat yield 54 q/ha, 5.3 

Maize yield 107.5 q/ha, 5.7 

Barley yield 40.3 q/ha, 1.4 

Soybean yield 35.3 q/ha, 1.9 

Buckwheat yield 8 q/ha 15 q/ha 37 q/ha 

Price Soft wheat price €21.8/q, 4.1 

Maize price €19.2/q, 4.04 

Barley price €20/q, 3.1 

Soybean price €39/q, 6.1 

Buckwheat price 25€/q €45/q €65/q €85/q €100*/q €125*/q  

Cost Soft wheat cost €509.7/ha, 61.2 

Maize cost €840.5/ha, 124.4 
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Barley cost €337.9/ha, 44.2 

Soybean cost €564/ha, 53.4 

Buckwheat cost €200/ha €350/ha €500/ha  
Note: * predicted price values  

Initialization of the model 

The ABM was developed in NetLogo version 6.3.0 using the GIS extension (Wilensky, 1999) and 

initialized at farm, neighborhood, and national levels across nine Italian regions.  

Farmer agents, each managing 23.73 ha of land (reflecting the average Utilized Agricultural Area 

in Italy), follow one of three common three-year crop rotations in central-northern Italy: Soft 

wheat–Soybean–Maize (Rot1), Soft wheat–Barley–Maize (Rot2), or Barley–Soybean–Maize 

(Rot3), involving the most widely cultivated crops in these regions (RICA, 2022). In each region, 

three types of farmer agents are randomly created based on the proportion of farmland dedicated 

to their respective crop rotations. This proportion is calculated by dividing the total area of each 

crop by the average crop land area. The final proportion calculated resulted in 48% of farmers 

following Rot1, 27% following Rot 2, and 25% following Rot 3. Overall, a total of 3576 farmers 

were included in the model. This method aggregates regional information to preserve farmer 

privacy (Happe et al., 2006), while the use of actual crop rotation histories allowed to build a more 

spatially and temporarily informed agent-based model (Johnson and Salemi, 2022). National crop 

yields, prices, and costs are set at the model’s start. The model simulates a three-year rotational 

period over 33 years (2022-2055), with each time step (t) representing three years (years of crop 

rotation).  

Sub-models 

Farmer agents' decisions to adopt buckwheat are driven by two sub-models: profit modeling and 

diffusion modeling. The profit model compares profits from crop rotations with and without 

buckwheat, while the diffusion model evaluates farmers' attitudes under neighborhood influences. 

Farmers will adopt buckwheat only if their profit from crop rotation with buckwheat (Pb) exceeds 

that with only traditional crops (Pt) in the previous period, and if the neighborhood influences 

create a positive outlook for adoption. Adoption decisions are updated each period and continue 

recursively until the simulation ends (Figure 7). 
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Figure 7. Process flow of farmers’ decision-making. 

 
Profit modeling 

The expected profit from the three-year rotation of traditional row crops is a critical factor in 

evaluating farmers' crop rotation decisions. The profitability of different crops over time is 

calculated using the Net Present Value (NPV) method, accounting for the yields, market prices, 

and production costs from the previous rotation period (year "t-1"). Thus, the profit from 

traditional rotations without buckwheat for period t is calculated using Eq. 1. 

𝑃𝑡 = (𝑦𝑡−1,𝑛,𝑐 ∗ 𝑝𝑡−1,𝑛,𝑐 − 𝑐𝑡−1,𝑛,𝑐) ∗ 𝑁𝑃𝑡,𝑛                                                                                (1) 

Where: 

𝑡 = 0, 1, 2, …11 steps of time with each three-year rotation period, t = 0 is the base period 𝑛 = 

1st, 2nd, and 3rd year of period t respectively. 

𝑐 = types of crops, where 1 = soft wheat, 2 = maize, 3 = barley, 4= soybean. 

𝑃𝑡 = the profit of a crop for a particular year  

𝑦𝑡−1,𝑛,𝑐=  yield of a crop for a particular year  

𝑝𝑡−1,𝑛,𝑐 = price of a crop for a particular year  

𝑐𝑡−1,𝑛,𝑐= cost of a crop for a particular year  
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𝑁𝑃𝑡,𝑛= the multiplier to determine the NPV, where 𝑁𝑃𝑡,𝑛 = (
1

1+𝑟
)

(3𝑡+𝑛)

, and 𝑟 is the real 

discount rate (Godsey, 2010). By using a discount rate of 6% (Ullah and Crooks, 2022; Upadhaya 

and Dwivedi, 2019), the model ensures that farmers' decisions take into account the diminishing 

value of future earnings, leading to more realistic and rational economic behavior. 

The profit from a crop rotation with buckwheat is calculated using Eq. 2, where the contract price, 

yield, and production cost for buckwheat are constant over the simulation period (Figure 7). 

𝑃b = 𝑃𝑐∗𝑁𝑃𝑡,𝑛=1 + 𝑃𝑐∗𝑁𝑃𝑡,𝑛=2 + 𝑃𝑏𝑢∗𝑁𝑃𝑡,𝑛=2 + 𝑃𝑐 *𝑁𝑃𝑡,𝑛=3                                                  (2) 

Where: 

𝑃b= profit from crop rotation with buckwheat 

𝑃𝑐 = profit from one of the three crops (𝑐 values are 1, 2, 3, 4 types of crops) ∀ profit = Y*P-C 

𝑃𝑏𝑢 = profit from buckwheat 

𝑁𝑃𝑡,𝑛=1,2,3 = multiplier of NPV values in the 1st year, 2nd year, and 3rd year respectively. 

Diffusion modeling 

Adopting buckwheat is a new experience for most farmers in Italy. The cumulative adoption of 

new or underutilized crops resembles the diffusion of innovation (DOI), which follows an S-

shaped curve (Rogers, 2003; Alexander et al., 2013). This theory has been widely applied to study 

the adoption process of agricultural innovations over time and it has specifically been used to 

explore the adoption of organic management systems and cover crops (Padel, 2001; Lavoie et al., 

2021). While crop rotation has historically served as a regenerative farming method, some 

producers now view it as an innovative practice due to its renewed promotion across the EU policy 

(European Commission, 2022).  

Two diffusion scenarios are selected in this study (Jordan-Bychkov, 1997):  

• Traditional diffusion (TD)- this model begins at a pilot site in Piedmont, the leading 

buckwheat cultivation area in Italy (RICA, 2022). Adoption behavior spreads from early adopters 

to neighboring farmers and gradually spreads all over Italy throughout the simulation (Figure 8a).  

• Expansion diffusion (ED)- early adopters are spread all over Italy at the initial stage rather 

than located within a single small geographical area. Neighboring farmers learn from their 

experiences, leading to the diffusion of adoption behavior throughout the study area (Figure 8b). 
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Figure 8. Adoption scenarios. 

 
                                   A                                                                             B 
Notes: at time step 1 red agents - i.e., farmers - are the early adopters under (TD) Traditional Diffusion scenario and 
(ED) Expansion diffusion scenario 

In this study, we used an adoption threshold approach (Ullah and Crooks, 2022) with two key 

parameters: local adoption rate (AR) and individual adoption threshold (AT), reflecting farmers' 

willingness to adopt (Alexander et al., 2013). Initially since no farmers have experience with 

buckwheat, the AR was set at 0 for the base year (Alexander et al., 2013; Ullah and Crooks, 2022). 

Different standard deviations of AT parameters were used to set the innovator category as 2.5% 

and 5% of total farmers, reflecting low and high willingness to adopt respectively (Alexander et 

al., 2013; Ullah and Crooks, 2022). Innovative, risk-taking farmers adopt buckwheat in the first-

time step if profits are favorable, establishing the first positive AR. As shown in Figure 7, if AR 

exceeds a farmer’s AT, they adopt due to neighborhood influence. If the initial contract price of 

buckwheat isn't profitable, a new price is set, with innovators' positive experiences encouraging 

others to adopt in later steps. Farmers continuously update their experiences each simulation 

period. 

3.4 Results  

The model was simulated under three distinct profit conditions, each tested across a range of 

contract prices: €25/q, €45/q, €65/q, €85/q, €100/q, and €125/q. Additionally, the analysis 

incorporated two levels of willingness to adopt (High and Low) combined with two diffusion 

models (Traditional and Expansion), leading to four different scenarios.  

This approach enables the exploration of how varying profit conditions, adoption willingness, and 

diffusion dynamics influence farmers’ decisions to adopt buckwheat over time. The three profit 
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conditions are as follows: (i) Low profit condition, calculated with the lowest yield (8 q/ha) and 

the highest production cost (€500/ha) for buckwheat; (ii) Average profit condition, calculated 

with average yield (15 q/ha) and average production cost (€350/ha); (iii) High profit condition, 

calculated with the highest yield (37 q/ha) and the lowest production cost (€200/ha). Figures 9, 

10, and 11 present the potential number of farmers adopting buckwheat across 30 simulation runs, 

showing results for each price point under each scenario. 

Low profit condition  

Figure 9 presents the results for the low-profit condition, examining adoption across different 

price levels and under the willingness-to-adopt and diffusion scenarios. 

Under low willingness to adopt (i.e., an innovator category representing 2.5% of total farmers), 

both the traditional and expansion diffusion models show limited adoption regardless of price 

(Figure 9a-9c). By 2055, adoption remains minimal across all price points. At the highest contract 

price (€125/q), the traditional diffusion model results in just 214 adopters, which accounts for 

only 6% of the total potential adopters (3,576 farmers). In the expansion diffusion model, only 

127 adopters (3.55% of the total) adopt by 2055 at this highest price point. At the lower price 

points of €25/q and €45/q, no adoption occurs in either model, and even at intermediate prices 

(€65/q, €85/q, and €100/q), adoption levels remain below 5.5% of the total population across 

both models. 

In contrast, under high willingness to adopt (i.e., an innovator category representing 5% of total 

farmers), adoption increases substantially. In the traditional diffusion model, the highest contract 

price (€125/q) results in over 3,570 adopters by 2055, representing nearly full adoption. Even at 

the more intermediate price point of €65/q, adoption reaches over 2,700 farmers, equivalent to 

76% of the total population (Figure 9b). However, at €25/q and €45/q, no farmers adopt 

buckwheat, indicating that very low-price levels are unappealing even with high willingness to 

adopt. The expansion diffusion model under high willingness follows a similar pattern. At the 

highest contract price (€125/q), adoption reaches 3,573 farmers by 2055, while at the lowest price 

point (€25/q) no farmers appear to adopt buckwheat in their crop rotation strategies (Figure 9d). 

In summary, the adoption of buckwheat in crop rotations under low-profit condition is primarily 

influenced by farmers' willingness to adopt, rather than by varying contract prices. With low 

willingness, adoption remains negligible at lower prices and limited even at higher prices, with no 

more than 6% of farmers adopting by 2055 at the highest price point. Conversely, with high 

willingness, adoption accelerates significantly, particularly at price levels of €65/q and above, 

leading to near-complete adoption at the highest price points.  
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Figure 9. Low profit condition (yield 8 q./ha, production cost €500/ha) 

 
 

Average profit condition  

Figure 10 presents the results for the average-profit condition, examining adoption rates across 

different price levels and under willingness-to-adopt and diffusion scenarios. 

In low willingness scenarios, adoption remains consistently low across all price points (Figure 10a-

10c). Under the traditional diffusion model, lower prices such as €25/q and €45/q result in a 

consistent low number of adopters, reaching around 143 and 163 adopters respectively (around 4-

5% of the total) by the end of the simulation period. By 2055, even at the highest price point 

(€125/q), adoption reaches only 217 farmers, representing 6% of the total potential adopters 

(Figure 10a). Similarly, in the expansion diffusion model, adoption does not show significant 

improvement. At the lower price points (€25/q and €45/q), adoption reaches 110 adopters and 

135 adopters respectively (around 3% of the total) by the end of the simulation period. Even at 

the highest price point (€125/q), adoption does not increase significantly and remains at 217 

adopters by 2055 (Figure 10c). 

In contrast, high willingness scenarios exhibit a substantial increase in adoption, with both 

diffusion models showing rapid growth between the years 2031 and 2040. Under the traditional 

diffusion model, the highest price point (€125/q) leads to 3,572 adopters by 2055 (Figure 10b). 

Similarly, the expansion diffusion model achieves near-complete adoption, with 3,573 adopters by 

2055 at the highest price point (€125/q) (Figure 10d).  
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Overall, also the average-profit condition demonstrates that adoption is more influenced by 

willingness to adopt than price levels. Under low willingness, adoption remains limited, with no 

more than 6% of potential farmers adopting buckwheat by 2055, even at the highest price point. 

However, in high willingness scenarios, adoption grows significantly, leading to near-complete 

uptake at higher price levels.  

Figure 10. Average profit condition (yield 15 q./ha, production cost €350/ha) 

 

High profit condition  

Figure 11 illustrates the results for the high-profit condition, showing adoption rates across 

different price levels and under willingness-to-adopt and diffusion scenarios. 

In low willingness scenarios, adoption remains modest, particularly at lower price points. In the 

traditional diffusion model, at the lowest price point of €25/q, adoption reaches only 170 farmers 

(4.75% of the total) by 2055. As prices increase, adoption improves significantly, with €125/q 

resulting in 2,370 adopters (66% of the total) by the end of the simulation period (Figure 11a). In 

the expansion diffusion model, the adoption remains minimal across all price points. Even at the 

highest price point, adoption reaches only 250 farmers (7% of the total) by 2055 (Figure 11c). 

In high willingness scenarios, adoption increases significantly across all price points. At €25/q, 

adoption already reaches 2,800 farmers (78% of the total) by 2055 in the expansion diffusion 

model, and 2,705 farmers (75%) in the traditional model (Figure 11b-11d). As price points rise, 

adoption peaks around year 2037. At €100/q, both the traditional diffusion and expansion models 

lead to nearly full adoption with 3,555 and 3,573 farmers, respectively, at €125/q by 2055. 
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When comparing the high-profit condition with the low and average-profit conditions, the results 

demonstrate significantly higher adoption rates, particularly at higher price points and in scenarios 

with high willingness to adopt. In the high-profit condition, adoption is more responsive to price 

increases, with near-full adoption achieved by 2037 at prices of €100/q and €125/q under high 

willingness scenarios. At lower price points like €25/q, adoption remains more limited, yet high 

willingness still drives substantial uptake, with around 75-78% of farmers adopting buckwheat in 

crop rotation by 2055 

Figure 11. High profit condition (yield 37 q./ha, production cost €200/ha) 

 

3.5 Discussion 

Interpretation and Comparison of the Results  

Overall, these results indicate that willingness to adopt a new crop plays a more critical role in 

driving adoption than financial incentives alone. Economic incentives, while traditionally 

considered a key motivator, are insufficient to overcome a lack of intrinsic motivation or perceived 

benefits among farmers. This is consistent with existing literature, which shows that farmers who 

prioritize conservation goals are intrinsically motivated to adopt sustainable practices, as these align 

with their personal values and beliefs (Greiner and Gregg, 2011; Greiner, 2015). Individuals with 

high intrinsic motivation implement such practices regardless of financial compensation, 

highlighting important implications for agricultural policy, as not all farmers respond equally to 

incentives (Bopp et al., 2019). 
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Peer influence also plays a significant role in adoption behavior. Our results demonstrate that peer 

influence, particularly from neighboring farmers, can significantly impact later cycles of adoption. 

This finding aligns with prior research (Christ et al., 2020), which has shown that positive 

experiences from neighboring farmers can rebuild confidence and eventually lead to adoption. 

Unlike previous studies (Alexander et al., 2013), which found that adoption declines over time and 

farmers are less likely to re-adopt after negative experiences, our model incorporates peer influence 

in maintaining and promoting adoption. This approach supports the existing literature, which 

demonstrates that influence from neighbors can facilitate knowledge sharing and promotion of 

environmental awareness, thereby encouraging pro-environmental behavior (Ha Thu et al., 2020; 

Tran-Nam and Tiet, 2022). In farming communities, neighbors serve as valuable sources of 

information, knowledge, and motivation, which can inspire conventional farmers to transition 

towards more sustainable farming practices. 

Regarding financial incentives, our findings underscore the crucial role of setting appropriate 

contract prices to facilitate the adoption of new crops like buckwheat. Offering competitive prices, 

such as €100 per quintal, can help stimulate initial interest, particularly when market prices for 

buckwheat in Italy currently range between €40 and €80/q. However, buckwheat faces growing 

competition in Italy from other underutilized crops, like lentils, which not only command higher 

market prices (around €120-150 per quintal) (RICA, 2022), but also benefit from a more 

established market presence (Knez et al., 2023). Both crops serve the expanding gluten-free sector, 

where processors are increasingly specializing in buckwheat and lentil-based products, such as 

gluten-free pasta, which could further enhance buckwheat’s market potential (Zhu, 2021).  

Nonetheless, our findings reveal that financial incentives alone are insufficient to drive significant 

increases in adoption, particularly in cases of low willingness to adopt. Even when higher contract 

prices are offered, adoption rates remain low under these conditions. Conversely, when willingness 

to adopt is high, the role of financial incentives diminishes; adoption increases rapidly even at 

lower contract prices, following a typical S-shaped adoption curve. This pattern aligns with Rogers' 

diffusion of innovations theory (Rogers, 2003), where adoption begins slowly but accelerates over 

time as more farmers embrace the innovation. Therefore, while competitive pricing is important, 

it must be complemented by efforts to enhance willingness to adopt in order to achieve widespread 

adoption. 

Importance and Implications of the Results 

The findings of this study challenge the assumption that financial incentives, such as higher 

contract prices, are sufficient to drive the adoption of underutilized crops like buckwheat. While 
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increased contract prices have some effect, especially in scenarios where willingness to adopt is 

low, the results show that the key factor influencing adoption is farmers' intrinsic willingness to 

adopt sustainable practices. 

This has important implications for policymakers and agricultural stakeholders. Strategies that 

focus solely on financial incentives, such as raising contract prices, may be less effective if farmers' 

willingness to adopt new crops is low. Farmers primarily motivated by economic or financial 

objectives tend to depend on external incentives, like government support, to implement 

conservation practices (Greiner and Gregg, 2011; Greiner, 2015). Therefore, measures like pre-

sowing contracts, supply chain improvements, and government incentives are necessary but may 

not be sufficient to trigger widespread adoption.  

Policy effectiveness could be improved by considering farmers' intrinsic motivations, as monetary 

incentives are shown to be most effective only among farmers with lower attitudes towards 

adoption (Bopp et al., 2019). Instead, efforts should be made to foster a more favorable adoption 

environment by addressing behavioral and attitudinal barriers. Educational outreach and 

awareness programs that enhance farmers' understanding of the economic and ecological benefits 

of crops like buckwheat could increase their environmental awareness and subsequent adoption 

behavior, while fostering peer influence and knowledge-sharing within farming communities. 

These initiatives can also help farmers recognize emerging market opportunities, particularly in 

health-conscious and gluten-free sectors, further promoting the crop's adoption in rotation 

systems. 

Ultimately, a holistic approach combining financial incentives with behavioral and social 

interventions is critical to achieve meaningful progress in the widespread adoption of underutilized 

crops like buckwheat. 

Limitations and Future Work 

In considering future research, it is important to acknowledge models’ inherent limitations. One 

notable limitation is the absence of farmers' risk aversion, a factor not currently incorporated into 

the model but could significantly influence crop rotation decisions (Alexander et al., 2013). Future 

research could explore the application of risk portfolio estimation methods, such as mean-variance 

optimization, which could be integrated into the decision-making processes of individual farmers. 

Additionally, the current model does not account for dynamic environmental factors, such as 

weather conditions that impact crop yield, or regional yield variations due to differing soil 

conditions, or environmental benefits or drawbacks associated with cultivating underutilized 

crops. Another significant limitation of our model is its focus on a specific scale study area. Future 
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iterations of the model should consider expanding it to other regions or countries while also 

incorporating the broader effects of the entire supply chain, including interactions with other 

actors along the chain. Finally, future research might expand the model to include additional 

farmer differentiation categories, such as age, farm size, or farming practices (organic versus 

conventional). 

3.6 Conclusions 

This chapter aimed to examine the adoption dynamics of underutilized crops, particularly 

buckwheat, within a defined geographical area, Italy. The results of our model indicate that while 

offering competitive contract prices can incentivize adoption, financial incentives alone are 

insufficient to significantly increase uptake, especially when initial willingness to adopt is low. 

Adoption rates for buckwheat remain initially low, as is common with new crops, but increasing 

initial willingness to adopt significantly accelerates uptake. Beyond financial incentives, our 

findings highlight the importance of peer influence and intrinsic motivation in shaping farmers' 

decision-making processes. Policies that integrate these behavioral factors alongside economic 

incentives are likely to be more effective. 

The methodology employed in this study marks a substantial advancement in research on the 

adoption of underutilized crops. Existing literature often lacks transparency regarding modeling 

frameworks, spatial specificity, and the sharing of computational codes. To address these gaps, our 

study builds upon an innovative agent-based modeling tool, testing a previous model in a different 

case study and offering new insights. However, this tool requires further validation through 

sensitivity analysis, field verification, and the possible integration of additional decision-making 

factors. We expect that the modeling tool developed in this study will significantly contribute to 

future research, where more advanced versions may be used to predict farmers' adoption behavior 

regarding the adoption of other underutilized crops. 
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4.1 Introduction 

In recent decades, there has been a scientific debate regarding the impacts of food production on 

agriculture and its eco-systems, advocating for more sustainable agricultural practices (Lin et al., 

2011). Given the breadth and depth of environmental concerns, such as biodiversity loss and 

climate change, sustainability has become a central issue across all sectors of contemporary society 

(Beery et al., 2023; Benton et al., 2021). 

A global dietary shift towards a plant-based diet has been identified as a fundamental strategy in 

the fight against malnutrition and sustainability issues. In recent years, the exploration of 

alternatives to animal-based foods has brought legumes into the spotlight as one of the best 

options in making European agri-food systems more sustainable (Clark et al., 2019). The 

production of legumes is recognized as a crucial factor contributing to sustainability, especially in 

terms of environmental performance, fostering resource efficiency, and contributing to a higher 

level of protein self-sufficiency. 

The emphasis on sustainable food has grown significantly within the food industry. This has 

prompted manufacturers to adopt various strategies, such as certification and labelling, to 

distinguish their products based on attributes linked to sustainability. In parallel, consumers have 

demonstrated a consistent willingness to pay a premium for products labelled as sustainable 

(Merbah & Benito-Hernández, 2023). 

This chapter evaluates the influence of various food attributes linked to the concept of 

sustainability on lentils’ market prices in Italy by adopting an exploratory approach, thus 

contributing to a deeper understanding of the complexities inherent in the Italian agri-food market 

and inspiring innovative approaches that could positively impact the sustainability and resilience 

of the Italian market system. In particular, we perform an analysis differentiating between dry and 

precooked lentils, as these two types of products are likely to target separate demand segments 

characterized by different drivers. 

Consequently, this study proposes the following research questions: 

RQ1. Do different sustainability attributes associated with dry and precooked lentils influence 

consumer preferences and willingness to pay in the Italian market? 

RQ2. Does the effect of these attributes differ in dry vs. precooked lentils? 

Background 

Sustainable growth is one of the main objectives of the European Union (EU). In a period of rapid 

global changes from climate change and environmental challenges to shifts in consumer behavior, 

the EU has introduced a range of policies and initiatives aimed at sustainable consumption and 
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production. Following Agenda 2030 for Sustainable Development (Shulla & Filho, 2023) and the 

on-going Post-2020 Global Biodiversity Framework (IPBES, 2019), the EU has proposed 

measures for sustainable consumption and production encompassing an energy- and resource-

efficient economy, waste management and recycling, and circular economy. To translate this 

strategy into action, the Farm to Fork initiative is one of the strategies at the heart of the Green 

Deal, advocating for a transition to sustainable agricultural and food systems and emphasizing 

environmental, health, and social benefits, while ensuring a sustainable livelihood for farmers  

(Regulation (EU) No 1305/2013; Regulation (EU) No 1308/2013; Regulation (EU) No 1310/2013). 

In addition to the urgent need for policy intervention to achieve sustainable production and 

consumption systems, changes in consumer preferences, motives of their purchases, and buying 

channels also play a significant role in this transition. In the most recent years, consumer awareness 

regarding food production has increased, leading to a growing focus on shorter food supply chains 

and regional or local food systems (Augère-Granier, 2016; Weatherell et al., 2003). Although local 

food production currently remains a niche market (Augère-Granier, 2016), socioeconomic issues 

related to food production and distribution have become more important to consumers 

(Deppermann et al., 2018), with a steady rise in interest in local food over the past decades 

(Feldmann & Hamm, 2015). Additionally, recent changes in consumer behavior toward a plant-

based diet offer new sustainable solutions to the growing global demand for meat, dairy products, 

and their associated externalities (Springmann et al., 2016; Vainio et al., 2016). This trend aligns 

with the increasing consumer awareness of the health benefits associated with the Mediterranean 

diet (Trichopoulou et al., 2014), which encourages frequent consumption of vegetables and 

legumes while reducing animal protein intake. As consumer preferences shift towards healthier 

and more sustainable dietary choices (Hoek et al, 2017), their increasing commitment to 

environmental and social responsibility is driving significant growth in the organic lentil industry 

(CBI, 2024). Furthermore, according to Paffarini et al. (2021), the emphasis on promoting specific 

varieties, such as those with a Protected Designation of Origin (PDO) and Protected Geographical 

Indication (PGI), has increased consumer interest for high-quality certified production. 

On the route towards a sustainable agri-food system, legumes have been recognized for their 

pivotal role in agriculture. They boost productivity by facilitating nitrogen fixation (Jensen et al., 

2010; Preissel et al., 2015; Watson et al., 2017) and help reduce dependence on cereal monoculture, 

thereby contributing to climate change mitigation and biodiversity preservation (Jensen et al., 2012; 

Köpke & Nemecek, 2010; Tidåker et al., 2021; van der Werf et al., 2005). They also exhibit lower 

water and nutritional requirements, along with greater potential for environmental adaptability 

(Acciani et al., 2020). Specifically with regards to biodiversity, lentils stand out among all legumes 
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due to their significant genetic variability and regional specialization, particularly in Italy. Indeed, 

the unique geographical identity of some Italian lentil cultivars, such as “Castelluccio di Norcia” 

in Umbria and “Altamura” in Apulia, is currently safeguarded by the “Protected Geographical 

Indication” (PGI) label. The “PGI-certified Lenticchia di Castelluccio di Norcia”, established in 

1997, now has a well-established market position at both the national and international levels. 

Similarly, the recent recognition of the “PGI Altamura Lentil” in 2017 underscores the increasing 

interest in this crop. This is also reflected by a growing trend in the consumption of lentils among 

Italian households, which increased from 0.54 g/capita in 1961 to 1.64 g/capita/day in 2015 

(Paffarini et., 2021). Considered as one of the of the most traditional lentil-consuming markets, 

Italy is therefore highly reliant on imports from foreign countries to meet national demand (CBI, 

2024). 

Sustainability in Food Attributes 

The focus on the sustainability of agri-food products has increased in recent years, as evidenced 

by the widespread adoption of claims and labeling initiatives in the food market. Eco-friendly or 

sustainable attributes have, indeed, become the subject of an extensive body of literature (Jiang et 

al., 2019; Satimanon & Weatherspoon, 2010). 

The legume industry is recognized as a successful example implementing sustainability claims, 

especially in relation with the territory and biodiversity, which are seen as credible attributes by 

consumers and an important tool for marketing and product differentiation (Voisin et al., 2014). 

For instance, attributes related to color, seed size and variety, which are associated with the 

principles of biodiversity and sustainable diversified systems, have been investigated as intrinsic 

features defining the product. Nevertheless, attributes such as organic certification and origin 

declaration have demonstrated a more significant influence on market prices compared to intrinsic 

characteristics like seed size or color (Acciani et al., 2020). Indeed, studies by Juhl et al. (2017) and 

Loureiro and McCluskey (2024) demonstrate that food with organic certification is perceived as 

healthier, more sustainable, more environmentally friendly, and tastier compared to conventional 

counterparts. 

Another aspect linked to sustainability is the declaration of origin for domestic and local food. 

Over the past few years, there has been a noticeable increase in consumer interest regarding food 

origin and consumers’ willingness to pay a premium for domestic and local food (Hempel & 

Hamm, 2016; Lopez-Galan et al., 2013; Tempesta & Vecchiato, 2013). Several scholars (Feldmann 

& Hamm, 2015; Gracia et al., 2014; Gracia & de-Magistris, 2016) have highlighted a growing 

consumer interest in locally-produced food items. These products are perceived to be of higher 
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quality based on (i) health-related attributes, such as freshness, taste, or safety; (ii) ecological 

sustainability, involving sustainable production methods and reduced transportation; and (iii) 

social sustainability, due to the involvement and support of local economies and communities. 

Certain scholars (Cappelli et al., 2019, 2020; Vecchio & Annunziata, 2011) have, indeed, shown 

that Italian consumers prioritize the origin of production and processing as critical factors in 

determining food quality. In this context, geographical origin indications following regulation 

standards, such as the Protected Designation of Origin (PDO) and Protected Geographical 

Indication (PGI), play an important role in the added value of agri-food products (Vecchio & 

Annunziata, 2011). 

Finally, environmental claims, such as the use of renewable energy sources or recyclable packaging, 

are additional attributes for which consumers have expressed a positive and significant willingness 

to pay (Petrontino et al., 2023). For instance, the use of green packaging, like bio-degradable 

materials, has been largely investigated in order to reduce the use of plastic and other unsustainable 

materials causing a negative impact on the environment (Koutsimanis et al., 2012; Rokka & 

Uusitalo, 2008; Silayoi & Speece, 2007). According to Rokka and Uusitalo (2008), eco-friendly 

packaging is a crucial product attribute affecting consumers’ choice and changing customers’ 

attitudes towards green and sustainable purchasing behavior. 

Overall, to promote sustainable consumption patterns, it is crucial to understand consumers’ 

perception of sustainable food products and identify the most influential attributes influencing 

purchasing behavior. Consumers, along with researchers, and agri-food industries, are recognized 

as pivotal actors in the successful conservation and sustainable use of genetic and natural resources 

in agriculture (European Commission, 2013). 

4.2 Materials and Methods  

Hedonic Price Methodology 

The estimation of the monetary value of product features is approached through the Hedonic 

Price Model (HPM), rooted in microeconomic theory and initially introduced by Rosen in 1974 

(Rosen, 1974). The method, grounded in Lancaster’s consumer theory from 1966 (Lancaster, 

1966), assumes that individuals assign value to the attributes of a commodity or the services it 

delivers, rather than the commodity itself. Thus, prices will mirror the value of a specific set of 

characteristics that individuals consider significant when making a purchase. 

Consumers select a product based on a set of attributes to maximize their utility, while producers 

optimize their profits by determining the product price based on these attributes (Rosen, 1974). 

Consequently, differentiated goods can be viewed as possessing various quality attributes that 
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distinguish them from other similar products. As a result, the equilibrium market price can be seen 

as a function of the implicit prices associated with each attribute of the product. To evaluate the 

price premium linked to a product’s characteristics, the HPM is widely recognized as a valuable 

tool, particularly for assessing “credence attributes” like certification, indications of origin, 

indications of a territory, and other features that may remain unnoticed by consumers after the 

purchase (Costanigro & Mccluskey, 2011; Rosen, 1974). With several examples of application in 

the agri-food market (Caracciolo et al., 2013; Satimanon & Weatherspoon, 2010; Sogn-Grundvåg 

et al., 2014), the HPM represents a useful method to verify if labels indicating credence cues are 

successful in promoting the consumption of sustainable food products (Maesano et al., 2020). 

While the HPM is extensively applied to ascertain implicit prices in the food and beverage sectors, 

recent research has predominantly concentrated on specific products such as wine (Caracciolo et 

al., 2016; Galati et al., 2017; Roma et al., 2013; Rossetto & Galletto, 2019), oil (Cavallo et al., 2018), 

coffee (Merbah & Benito-Hernández, 2023; Schollenberg, 2012), dairy, eggs and meat (Ballco & 

De-Magistris, 2018; Bimbo et al., 2016; Carlucci et al., 2015; Hussein & Fraser, 2018), and fish 

(Hukom et al., 2020; Pettersen & Asche, 2020). To our knowledge, there exist few studies (Acciani 

et al., 2020; Petrontino et al., 2023) explicitly examining legumes, and only one investigating lentils 

(Acciani et al., 2020), using hedonic price functions. In the context of a relatively unexplored 

market, the application of the HPM could provide valuable insights for legumes producers by 

showing which pivotal attributes they should focus on to enhance profitability. Among others, we 

are especially interested in further examining the effect of those characteristics that previous 

studies do not unanimously consider having price enhancing effects, like organic certification 

(Acciani et al., 2020; Petrontino et al., 2023). 

The hedonic price model enables an examination of the relationship between a product price and 

its primary quality attributes. Products are characterized by n objective features, and the hedonic 

price function, in its most basic form, may be expressed as: 

Pj = f(Zj) (1) 

 
In this equation, “Z” represents a vector containing the characteristics of the product “j”, and 

“f(.)” denotes an unspecified functional form. 

Equation (1) elucidates that the price (P) paid by consumers for the product is a function of the 

monetary values associated with a specific set of attributes (j) embedded in the product (Z) 

available in the market. This relationship can be elucidated by partially differentiating it with 

respect to each attribute. 
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Data Collection 

Drawing from previously delineated studies using HPM in the legume sector (Acciani et al., 2020; 

Petrontino et al., 2023), 8 lentil characteristics (weight, brand, decortication, organic, packaging 

type, origin, variety, and typicality) were defined. Some characteristics were intrinsic features of the 

lentil product: decortication, organic certification, origin (if foreign or Italian area of origin is 

declared on the label), and typicality (if reference to the territory is declared on the label either with 

text or by means of protected geographical indication (PGI) logo); other features were extrinsic, 

such as brand, packaging type, and weight. 

In particular, within the scope of this study, we would expect a typicality reference and organic 

certification to have a positive effect on the final market price of sampled products. However, 

further investigation into the impact of the color attribute is warranted, as there is a gap in the 

existing literature regarding its effect. 

Lentil price and characteristic data were collected on 228 valid observations of packaged lentils 

presented on the shelves and sold in all 20 retail stores (i.e., 6 hypermarkets, 4 supermarkets, 3 

small supermarkets, 2 organic shops, and 5 discount stores) in the city area of Vicenza (Italy) 

between November 2022 and December 2022 (Figure 12). 

Figure 12. Geographical location of the sample. 

 
Although the Veneto region does not stand out as one of the primary producers of lentils, it is, 

however, a region renowned for the cultivation and consumption of various other legumes, such 

as beans and peas. Legumes hold a significant place in the region’s culinary heritage, featuring 

prominently in traditional dishes, and reflecting a strong cultural appreciation for these nutritious 
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staples. This distinction underscores the importance of examining the potential of the lentil market 

in Veneto as it provides insights into consumer behavior, preferences, and market structures in a 

region of high legume culinary tradition and consumption patterns. Understanding how the lentil 

market can adapt to this regional context can shed light on broader trends in agricultural markets, 

and help inform strategies aimed at promoting sustainable food systems in regions with similar 

consumption patterns. 

Finally, collected data were reported in a database and analyzed through the Stata 16 software. 

Empirical Specification 

Different functional forms to be used in the empirical specification can be found in the literature. 

While the theory provides no guidance, a frequent approach involves the use of the Regression 

Equation Specification Error Test (RESET) to choose among the linear, log-linear and log-log 

specifications (Petrontino et al., 2023; Ramsey, 1969). Although the null hypothesis of no omitted 

variables was rejected for all of the three specifications, on the basis of the lowest magnitude F-

value (Schollenberg, 2012) we adopted a double log specification (De Meo et al., 2022) of the 

hedonic price equation. Consequently, the equation of the final model is as follows: 

lnP = β0 + β1 lnX1 + β2 X2 + β3 X3 + β4 X4 + β5 X5 + β6 X6 + β7 X7 + β8 X8 + ε (2) 

 
where P is the price per kg, X1 is the weight, and the remaining control variables are dummies 

indicating the brand (X2), organic certification (X3), origin (X4), variety (X5), typicality (X6), 

decortication reference (X7), and packaging type (X8); β0 is constant, ε is residual, and ln is the 

natural log. 

Equation (2) is estimated separately using ordinary least squares (OLS) for both the dry (Model 1) 

and precooked (Model 2) lentil sample. In Model 2, variables such as variety (X5) and decortication 

(X7) are excluded due to their limited relevance in the context of precooked lentils (the variety 

specification is absent in 98.91% of observations of precooked lentils and none of them are 

decorticated). White’s test indicates that the null hypothesis of homoskedasticity is rejected in the 

precooked case (Model 1 chi2(47) = 55.31, p = 0.190; Model 2 chi2(19) = 40.19, p = 0.003), hence 

Model 2 is estimated using robust standard errors. Lastly, the computation of the mean variance 

factor (Model 1 VIF = 1.76; Model 2 VIF = 2.45), with all individual VIFs below 6.0, indicates 

that multicollinearity does not affect the regression results. 

This allows us to empirically determine the marginal implicit prices for each attribute for two 

product lentil categories: dry and precooked lentils. Variable descriptions and categories are 

summarized in Table 5. 
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Table 5. Variable descriptions. 

Description Variables Category 

Dependent variable 

Price Sale price (€/kg) Continuous 

Explanatory variables 

Weight Product’s weight (kg)  Continuous 
Brand Supermarket brand = 1; Private brand = 0 Dichotomous 

Organic certification Organic certified = 1; not certified = 0 Dichotomous 

Origin 
Foreign = 1; otherwise = 0 

Dichotomous Italy = 1; otherwise = 0 
Not specified = 1; otherwise = 0 

Variety 

Green = 1; otherwise = 0 
Dichotomous  
Dichotomous  
Dichotomous 

Red = 1; otherwise = 0 
Black = 1; otherwise = 0 

Not specified = 1; otherwise = 0 
Typicality Typicality = 1; otherwise = 0 Dichotomous 

Decortication  Decortication = 1; otherwise = 0 Dichotomous 

Packaging type 

Packaging paper = 1; otherwise = 0 

Dichotomous 

Packaging compostable = 1; otherwise = 0 
Packaging metal = 1; otherwise = 0 
Packaging glass= 1; otherwise = 0 

Packaging tetra pack = 1; otherwise = 0 
Packaging plastic = 1; otherwise = 0 

 

4.3 Results 

The sample descriptive statistics for the collected data are summarized in Table 6 and Table 7. 

First, we remark that the data collection process was carried out covering all supermarket chains 

of the Vicenza city area. In particular, the 228 observations used in the analysis were collected 

from the following stores of the Vicenza city area: Aldi (5 observations), Alì (11), BioSapori (16), 

Conad (8), Coop (13), DPiù (4), Emisfero (18), Esselunga (22), Eurospin (4), Famila (22), Interspar 

(16), Lidl (3), Metà (6), Migross (14), NaturaSì (6), Pam (20), Prix (2), Sigma (9), Supermercati Stella 

(9), and Tosano (20). 

Although Table 6 and Table 7 show variety in terms of the attributes found among the products 

sampled during the survey, some recurring characteristics can be identified. As shown in Table 6, 

among the packaging types, plastic and metal appeared to be the most frequently used materials 

for the dry and precooked subsamples, respectively. Also, conventional lentils were more common 

than organic ones and the same holds for branded lentils versus those sold under the retailer’s 

name. Regarding the variety, there was a clear tendency not to display the varietal name (i.e., green, 

black), while the origin specification (i.e., foreign, Italian) was more common in the dry subsample. 

In absolute terms, the most observed product in the dry subsample was a lentil with no organic 

certification or typicality references, sold in a supermarket-branded plastic package which did not 
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specify the origin or the variety (10 observations). On the other hand, a lentil which also did not 

show organic certification, variety/origin specification, or typicality references, but was sold in a 

private-branded metal package, was the most frequent combination of attributes found in the 

precooked subsample (28 observations). 

Table 6. Descriptive statistics. 

  

Lastly, as shown in Table 7, a strong difference emerged in terms of price distributions, as the 

expected relationship between weight and price per kg holds only for dry lentils. The unprocessed 

product displays a higher average price than the processed one, as the mean value in the dry 

subsample (5.82 €/kg) was above the precooked one (4.96 €/kg). Precooked lentils are boiled and 

packed with water and the price used in this research is already calculated excluding the 

preservation water. However, the cooking processing contributes to increasing the volume and 

weight due to the rise in the product’s moisture. If, on the one hand, processed lentils are subject 

to an additional step (i.e., boiling) which may increase their price, it is also true that a lower quantity 

of primary dry product is necessary to reach the same final weight compared to a dry lentil package. 

Table 7. Price distribution based on lentils type and weight. 

Type 
Weight 

(g) 
N 

Mean Price 
(€/kg) 

St. Dev.  
(€/kg)) 

Min 
(€/kg) 

Max 
(€/kg) 

Dry  
0–400 * 70 6.87 3.20 2.48 19.80 
>400 66 4.70 2.70 1.55 11.40 

Precooked  
0–240 * 65 4.95 2.51 2.04 11.59 
>240 27 5.00 2.02 1.88 9.56 

* Median value. 

Variable 
Dry Precooked 

% Observations % Observations 

Supermarket brand 36.03 33.7 
Organic 30.88 22.83 

Origin, not specified 27.94 65.22 
Origin, foreign 30.15 3.26 

Origin, Italy 41.91 31.52 
Variety, not specified 48.53  

Variety, Green 22.06  

Variety, Red 25.74   
Variety, Black 3.68   

Typical 16.91 20.65 
Decortication 11.76   

Packaging, plastic 86.03 7.61 
Packaging, paper 11.76   

Packaging, compostable 2.21   
Packaging, metal   82.61 
Packaging, glass   5.43 

Packaging, tetra pack   4.35 
Total 100.0 100.0 
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Table 8 shows the estimation results for both Model 1 and Model 2. The overall fit of the hedonic 

price equation is satisfactory for both the dry and precooked case, with R2 values of 0.720 and 

0.713, respectively. The baseline product assumed as a reference is a lentil (i) from a manufacturer 

brand, (ii) not having an organic certification, (iii) without a specified country of origin, (iv) with 

no references to the territory or PGI certification on the label, (v) whose variety is unknown 

(Model 1 only), (vi) not decorticated (Model 1 only), and (vii) in a plastic package. 

Table 8. Parameter estimates for Model 1 and 2. 

 

 

 

 

Most of the estimated parameters tend to display the expected sign and be statistically significant. 

Nevertheless, some remarkable differences can be found between Model 1 and 2, thus validating 

 Model 1 Model 2 

  ln(Price) ln(Price) 

ln(Weight) 
−0.487 *** 0.260 

(−6.20) (1.07) 

Supermarket Brand 
−0.0639 −0.339 *** 
(−0.95) (−4.73) 

Organic 
0.417 *** 0.462 *** 

(5.93) (5.69) 

Origin, foreign 
0.186 ** −0.215 ** 
(2.36) (−2.13) 

Origin, Italy 
0.446 *** 0.0563 

(4.92) (0.56) 

Variety, Green 
−0.163 **  
(−2.18)  

Variety, Red 
−0.0836   
(−0.97)   

Variety, Black 
0.307 *   
(1.80)   

Typical 
0.196 * 0.774 *** 
(1.96) (5.18) 

Decorticated 
0.273 **   
(2.43)   

Packaging, paper 
0.229 **   
(2.29)   

Packaging, compostable 
−0.195   
(−0.88)   

Packaging, metal 
  −0.749 *** 
  (−8.86) 

Packaging, glass 
  −1.253 *** 
  (−6.94) 

Packaging, tetra pack 
  −0.823 *** 

  (−5.94) 

Constant 
4.205 *** 0.618 

(8.38) (0.46) 

N 136 92 

R2 0.720 0.713 
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our decision to keep the dry and precooked lentils as two separate statistical populations. However, 

an important similarity concerns the role of the organic certification, which is estimated to lead to 

a positive price premium at the 99% confidence level, with increases of 51.8% and 58.7% for the 

dry and precooked cases, respectively (the percentage impact of the attribute was computed using 

the formula (𝑒𝛽𝑗−1)×100 (Halvorsen & Palmquist, 1980)). A penalizing factor affecting the selling 

price of Model 1 observations appears to be the green variety specification, which is estimated to 

generate a 15.1% reduction in the price of dry lentils. 

Concerning the influence of geographic references, it appears that displaying the country of origin 

has a positive effect on dry lentils (+20.5% if foreign, +56.2% if Italian), while consumers of the 

precooked product are not willing to pay more for this characteristic (the foreign designation is 

even estimated to negatively affect the price). On the contrary, mentioning specific areas of interest 

for lentil production (in the form of references to a typical territory or through the PGI label) can 

be confidently deemed as a valuable marketing strategy especially in the precooked lentils market, 

where consumers are willing to pay 116.8% more for a product with such an attribute. 

Being the functional form expressed as a double log, the coefficient associated to ln(Weight) can 

be interpreted as the elasticity of price with respect to quantity. Surprisingly, only dry lentils display 

the inverse relationship usually expected due to unit price discounts associated with larger quantity 

purchases (Merbah & Benito-Hernández, 2023). Other notable differences between Model 1 and 

2 regard the influence of a supermarket brand (estimated to generate a 28.7% price drop for 

precooked lentils, but not relevant for dry ones) and plastic packaging, which is clearly preferred 

over metal, glass, and tetra pack packages in Model 2 but significantly underpriced compared to 

paper packaging in Model 1. 

Lastly, as expected, decorticated lentils (available only in the dry subsample) are associated with a 

higher willingness to pay due to the additional product elaboration required, their reduced cooking 

time compared to non-decorticated lentils, and their enhanced palatability, hence testifying 

decortication as a valuable value addition processing strategy (Vandenberg, 2009). 

4.4 Discussion  

Interpretation and Comparison of the Results 

Our findings indicate that sustainable-related attributes can have a positive and statistically 

significant effect on lentil prices in Italian retail stores, thus providing a positive answer to RQ1. 

In regard to biodiversity, our study reveals that indicating the variety of lentils can add value to the 

product only in specific cases. In marketing, lentil varieties are generally identified not by their 

genetic names, but rather by the color of their seed coats. Color becomes the primary 
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distinguishing characteristic and serves as the variety’s attribute in the market. For instance, 

although not explicitly mentioned on packaging labels, the majority of green lentils available in the 

market typically originate from the Eston cultivar (from Canada), while the predominant red lentil 

seeds are usually associated with the Crimson cultivar. However, exceptions to this cultivar–color 

relationship can exist. It is worth noting that only specialty lentils, such as Beluga (recognized for 

their black seed coat) or Du Puy lentils (known for their dark speckled blue-green seeds and 

originating from France), are explicitly labeled with their cultivar names and marketed accordingly. 

Finally, Castelluccio di Norcia PGI lentils correspond to local genetic material without an explicit 

variety denomination and color is not included in the label. In this study, the observed negative 

effect of specifying green lentils on the dry product price may stem from various factors, such as 

consumers’ quality misperceptions or competitive pressures, which could trigger pricing 

adjustments. Conversely, the statistically significant positive price premium associated exclusively 

with the black variety for dry lentils suggests a unique appeal or perceived value attributed to this 

particular variety (Table 8, Model 1). In other words, as opposed to the consumers’ negative 

perception associated with the green variety, consumers may view black lentils as offering unique 

qualities or benefits that justify a higher price. These results are likely related to the growing interest 

of Italian consumers in other lentil varieties for different sensory characteristics, such as more 

intensive and earthy flavors, and for nutrient value in terms of minerals and fibers. Insights from 

this study not only highlight the importance of product differentiation but also suggest new 

potential opportunities for producers offering specific lentil varieties. This finding aligns with prior 

research indicating that an alternative approach to product differentiation could involve utilizing 

and promoting diverse and less commercial varieties of the same food product (Botelho et al., 

2018). Indeed, scholars have found that differentiation through varietal species is highly valued by 

Italian consumers, probably because of the distinct tastes and unique appeal of different varieties, 

while also being associated with premium pricing strategies (De Meo et al., 2022). 

In addition, this study shows that declaring the product origin, whether foreign or Italian, has a 

consistently positive and significant impact (higher for the Italian origin) on the price of dry lentils 

(Table 8, Model 1). Interestingly, in the case of precooked lentils, declaring a foreign origin notably 

decreases the final product price, while the Italian origin does not show statistical significance 

(Table 8, Model 2). In simple terms, consumers may associate the country of origin of dry lentils 

with quality and tradition leading to a price increase, while people may prioritize other factors such 

as convenience and freshness when buying precooked lentils, disregarding the origin attribute in 

their purchasing decisions. This highlights the importance of origin labeling in consumer 

perception and pricing dynamics within the lentil market. Overall, these findings are in line with 
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those of previous studies that found significant positive price premiums associated with Italian 

indications of product origin (Acciani et al., 2020; Cavallo et al., 2018; De Meo et al., 2022). We 

also find that other effective product differentiation strategies aim to enhance the territorial 

connotation of the product (e.g., PGI or domestic/local origin). Italy stands as the EU country 

with the highest count of protected designation of origin (PDO) and protected geographical 

indication (PGI) products (Istat, 2016). Within Italy, two lentil varieties currently hold a protected 

geographical indication (PGI) certification: the “Altamura Lentil PGI” in the Apulia region and 

the “Castelluccio di Norcia Lentil PGI” in the Umbria region. In this study, features related to the 

typicality of the product (precooked lentils in particular) have a positive and statistically significant 

effect on the product price; in terms of monetary value, the typicality attribute adds a significant 

premium price respective to the baseline precooked lentils price (Table 8, Model 2). In our 

research, it is noteworthy that lentils with a PGI specification are associated with a higher price 

per kilogram, as indicated by the fact that 12 of out 15 PGI products in the sample fall above the 

75th percentile of the price distribution. The observed price surplus in typicality aligns with the 

findings presented in (Acciani et al., 2020). These insights validate the idea that the origin attribute 

associated with lentils encompasses more than just their geographical source, including tradition 

and culture as well. Indeed, consumers commonly associate a sense of “typicality” with food based 

on its place of origin, traditional production, and processing methods. This finding is supported 

by the outcomes presented in other previous studies (Cappelli et al., 2019, 2020; Tempesta & 

Vecchiato, 2013; Vecchio & Annunziata, 2011), which reveal that products linked to specific 

localities in Italy can be perceived as possessing qualitative excellence. This perception prompts 

Italian consumers to recognize added value, leading to a significant willingness to pay a premium 

price for locally certified foods. 

Based on the results of this study, organic certification emerges as another sustainability-related 

attribute associated with a higher willingness to pay (Table 8, both Model 1 and Model 2). This 

outcome aligns with Marette (2021), who noted a significant positive influence for lentils with 

organic production labels. The rationale behind this finding likely stems from consumers’ 

recognition of organic products as a healthier food choice, and their commitment to 

environmentally friendly consumption practices (Juhl et al., 2017; Loureiro & McCluskey, 2024). 

With regard to brand influence, the interplay between national brands and private label 

(supermarket) products emerges as a crucial focal point in consumer research. If on the one hand, 

established national brands tend to wield a significant price premium over their private label 

counterparts, on the other, consumers’ increased price sensitivity can force major producers to 

adopt a spectrum of strategic responses, such as the implementation of price promotions and the 
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formation of strategic alliances with discount stores (Roth, 2017). In the case of Model 2, our 

results align with previous studies demonstrating a substantial premium price for food products 

by leading, national, and well-known companies over their distributors’ private brand counterpart 

(Ballco & Gracia, 2020; Carzedda et al., 2021; Li & Hooker, 2009; Merbah & Benito-Hernández, 

2023). Nevertheless, the same price-enhancing effect does not hold in the case of the dry 

subsample (Table 8, Model 1), suggesting that Italian lentil consumers positively value the 

producer’s identification only in those cases where additional processing is required, as in the 

precooked case. 

Finally, packaging is another quality determinant that distinguishes the final product, generating a 

competitive advantage by meeting consumers’ requirements and preferences (Lemken et al., 2017). 

The results indicate that the willingness to pay for this attribute varies depending on whether the 

product evaluated is dry or precooked. As observed, packaging materials for precooked lentils 

mainly consist of metal (Table 8, Model 2), whereas dry lentil are primarily packaged in plastic, and 

occasionally in paper (Table 8, Model 1). In particular, paper packaging shows a price premium 

over plastic in the case of dry lentils while metal, glass, and tetra pack materials are underpriced in 

the precooked sample relative to plastic. Therefore, it emerges that different packaging materials 

have an influence on the final product price, in line with similar studies (Ferreira et al., 2021; Perera 

et al., 2020; Rokka & Uusitalo, 2008; Śmiglak-Krajewska et al., 2020), demonstrating consumers’ 

increased awareness and demand for healthy and sustainable food options, as well as concern for 

environmentally friendly packaging and overall sustainable consumption practices. However, 

rather than being associated with sustainability concerns, the price premium associated with plastic 

packaging in the precooked subsample is likely to be affected by the inclusion of those lentil 

products that are presented as “ready-made dishes”. 

With regard to RQ2, as indicated by the percentage variations presented in the Results section 

(Section 3, Table 8), it can be argued that positive and significant price premiums for sustainability 

attributes common to both dry and precooked lentils concern (i) organic production and (ii) 

typicality. 

Importance and Implications of the Results 

Understanding the implicit pricing of attributes associated with lentils holds significant 

implications for retailers, producers, and decision-makers. On the one hand, retailers can benefit 

from studies on price formation to enhance purchasing decisions and implement more effective 

marketing strategies. On the other, producers can use this information to make decisions regarding 

the assortment of lentils and strategic investments. Ultimately, for decision-makers, this knowledge 
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could be crucial in improving regional competitiveness in the Italian lentil market. Insights coming 

from this study highlight the importance of meeting evolving consumer demands while promoting 

sustainable food systems in the future. 

Limitations and Future Research Directions 

One limitation of this work is its nature as a specific case study, as data collection took place in a 

well-defined city area in the Veneto region, which may limit the generalizability of the results to 

other areas of Italy. However, data collection for the hedonic price analysis encompassed various 

types of retail outlets, revealing consistent product offerings across shelves. This underscores the 

commodity nature of lentils and the efficacy of food attributes in explaining market price 

fluctuations. Despite these limitations, the findings from this research emphasize the complex 

interplay of consumer preferences and sustainability considerations in shaping lentil market 

dynamics and pricing strategies. 

As for future research, these results need to be validated by further investigations by also 

considering other relevant attributes (i.e., other certifications besides organic, social sustainability, 

and other intrinsic lentil characteristics such as seed size, store type, etc.) attached to the lentil 

product and not considered in this research and other reference markets other than Veneto region. 

In addition, consumer preferences and market dynamics can change over time, so continuous 

research on emerging consumption trends is necessary for businesses in the lentil market. 

4.5 Conclusions 

In conclusion, this chapter reveals the significant impact of sustainable attributes on lentil prices 

in Italian retail stores. We find that indicating the origin, particularly if Italian, and emphasizing 

typicality (i.e., territory) positively influenced prices, reflecting consumer preferences for diversity 

and tradition. The impact of biodiversity in varieties appears to be positive only when associated 

with unique and less commercial varieties. Organic certification emerges as a key driver of 

consumer willingness to pay, signaling a preference for healthier and environmentally friendly 

options. Brand influence plays a role, with national brands commanding premiums over private 

labels in precooked lentils. Packaging materials also influence prices, reflecting evolving consumer 

preferences for sustainability, especially in the dry lentils market, as indicated by the price premium 

associated with paper packages. 

There are several indications that may suggest an increase in demand for organic biodiverse lentils 

among Italian consumers in the future. Consumers’ preferences for diversity, tradition, organic 

certification, and sustainable packaging material suggest a potential market for products 
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emphasizing these characteristics. However, it is important to note that while this chapter provides 

valuable insights and suggests positive trends towards sustainability attributes, it may not capture 

other factors altering market conditions (i.e., climate change or the development of new varieties). 
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The general aim of the different studies discussed in previous chapters is to describe the factors 

influencing biodiversity management and conservation within the Italian agricultural context, from 

an extensive and comprehensive point of view. Different perspectives have been used to analyze 

the dynamics of biodiversity, with the overall approach structured around three key areas: (a) 

identifying the primary factors that influence biodiversity management practices across the agri-

food supply chain, with particular attention to the roles of farmers, processors and retailers, 

through in-depth semi-structured interviews, as detailed in Chapter 2; (b) analyzing the adoption 

and spatial-temporal diffusion of an underutilized crop – buckwheat – among Italian farmers, 

employing an Agent-Based Model (ABM), as outlined in Chapter 3; and (c) examining the 

sustainability attributes of biodiverse-lentil products that shape the marketplace in the Italian retail 

sector, using a Hedonic Price Model (HPM), as discussed in Chapter 4. 

This comprehensive approach allows for a complete overview of the main dynamics that are 

currently shaping biodiversity management within the Italian agri-food system. On one hand, these 

studies underscore the interconnected roles of diverse supply chain actors in promoting 

biodiversity-based practices. On the other hand, the findings provide critical insights for 

policymakers, highlighting areas that require targeted interventions and specific measures, such as 

financial incentives to encourage farmers to cultivate underutilized biodiversity-enhancing crops 

and the development of market mechanisms that support biodiversity-friendly products. 

The following sections delve into the key contributions of this research and outline its broader 

implications. 
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5.1 Main contributions from the study 

The findings from the three chapters of this research provide significant insights into the 

promotion of biodiversity within agri-food supply chains, particularly in Italy. The studies explore 

the intersection of biodiversity conservation, sustainable agricultural practices, and market 

dynamics, examining the strategies, barriers, and drivers that influence biodiversity management 

across different supply chain nodes and crops. 

The first specific objective (SO1) of this thesis is to evaluate biodiversity management 

practices across the agri-food supply chain and identify key barriers and drivers affecting 

biodiversity-related decisions among supply chain actors. This study contributes to 

biodiversity management by exploring the often-neglected role of different actors across agri-food 

supply chains, specifically in lentil and buckwheat production. It examines how agricultural and 

managerial practices at various supply chain stages promote biodiversity, emphasizing the 

importance of species diversity adapted to specific geographic conditions. This supports findings 

by Martinelli et al. (2022), highlighting the role of different legumes in promoting diverse 

landscapes and habitats for various animal species. The observed inter-species diversity within 

these supply chains underscores the vast genetic resources available and opportunities for further 

exploration. The study also emphasizes the significance of product diversification within lentil and 

buckwheat supply chains from dry goods to flour and gluten-free pasta, aligning with consumer 

trends and enhancing market opportunities. This product diversification not only serves the 

evolving dietary preferences but also supports agro-biodiversity by encouraging broader crop 

utilization, contributing new insights to the literature on sustainable food systems (Botelho et al., 

2018). Additionally, the study identifies key economic and market-related challenges, such as 

inflation and rising input costs, which impact biodiversity management across the supply chain, 

aligning with broader industry trends (European Commission, 2023). It also highlights the 

stabilizing role of long-term contracts in supporting biodiversity-friendly practices, adding a critical 

dimension to understanding how market structures influence ecological outcomes (Salmi et al., 

2023). Importantly, this research addresses the complex interplay between policy frameworks, like 

the Common Agricultural Policy (CAP), and biodiversity practices, revealing both supportive and 

restrictive impacts. This nuanced perspective contributes to ongoing policy debates, illustrating 

how regulations can simultaneously foster and hinder biodiversity efforts (Cuadros-Casanova et 

al., 2023). By identifying the barriers and drivers faced by farmers, processors, and retailers, the 

study sheds light on the practical challenges of implementing biodiversity management, offering a 

comprehensive view of the entire supply chain. The study finds that farmers are the most engaged 

and responsive actors in biodiversity management. This insight highlights the importance of 
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farmer involvement in shaping sustainable agri-food systems and suggests empowering farmers as 

key actors in integrating biodiversity into supply chain strategies. 

The second objective (SO2) of this thesis is to analyze farmers' potential adoption of an 

underutilized crop and identify the key factors influencing final adoption decisions. This 

study builds on earlier findings by exploring the potential adoption of underutilized crops, 

specifically buckwheat, in the Italian agricultural system. By employing agent-based modeling, the 

study offers a novel approach to understanding the complex economic and social dynamics that 

influence farmers' decisions to incorporate buckwheat into their crop rotations alongside 

traditional crops. This modeling technique allows for a detailed exploration of how various 

factors—such as pricing strategies, social influences, and willingness-to-adopt—affect farmers’ 

decisions, providing a comprehensive framework that goes beyond typical static analyses. One of 

the key contributions of this research is its identification of the specific conditions that maximize 

the likelihood of buckwheat adoption, such as optimal pricing strategies and effective diffusion 

and adoption mechanisms. The model reveals that social networks, particularly neighboring 

farmers' positive experiences, play a significant role in influencing crop adoption, complementing 

existing literature on peer influence in fostering pro-environmental behaviors (Ha Thu et al., 2020; 

Tran-Nam & Tiet, 2022). Furthermore, the study underscores the importance of targeted 

economic incentives, such as variable contract pricing, in encouraging farmers to diversify their 

crops. However, while setting higher contract prices can be an effective strategy to encourage 

farmers to adopt biodiversity-friendly practices, the findings show that farmers' intrinsic 

willingness to adopt is the key determinant. This suggests that rather than relying solely on financial 

incentives, efforts should be directed toward creating a more supportive environment for adoption 

by addressing behavioral and attitudinal barriers. Educational outreach and awareness programs 

that improve farmers' understanding of the economic and ecological benefits of crops like 

buckwheat can raise environmental awareness and positively influence adoption behaviors. These 

initiatives can also help farmers recognize emerging market opportunities, particularly in health-

conscious and gluten-free sectors, further promoting the crop's adoption in rotation systems. 

However, farmers primarily motivated by economic or financial objectives tend to rely on external 

incentives, like government support, to implement conservation practices (Greiner and Gregg, 

2011; Greiner, 2015). Therefore, measures like pre-sowing contracts, supply chain improvements, 

and government incentives are necessary but may not be sufficient on their own to trigger 

widespread adoption.  

Moreover, it is important to recognize that these economic incentives and pricing strategies have 

broader implications, extending beyond individual farms. They also influence the relationships 
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between farmers and their contractors, such as processors, retailers, and other downstream 

stakeholders. These relationships are crucial in shaping not only the economic and operational 

dynamics within the supply chain but also its overall sustainability. Thus, while external incentives 

can play a supporting role, fostering strong, collaborative relationships within the supply chain is 

essential for creating a more sustainable agricultural system. 

The findings of SO2 underscore how sustainability efforts at the production stage are not isolated 

from downstream market dynamics. It provides a basis for the third specific objective (SO3) of 

this thesis, which shifts focus to the retail stage, evaluating the influence of sustainability-

related attributes on the market prices of lentil products in Italy. Using the Hedonic Price 

Model, the research demonstrate that Italian consumers place significant value on lentils with 

environmental certifications and regional distinctions, indicating a broader shift in consumer 

behavior towards sustainable consumption and plant-based diets. This complements the findings 

of SO2 by illustrating that consumer demand for sustainability attributes can reinforce upstream 

adoption efforts, as farmers are more likely to adopt biodiversity-friendly crops if market 

incentives signal a demand for such products.  

These findings highlight opportunities for market differentiation and enhanced competitiveness 

through the development and marketing of sustainable and biodiverse products. Aligning product 

offerings with evolving consumer preferences can enhance their market positioning while also 

contributing to broader sustainability goals within the food system (IPES-Food, 2016). The study 

underscores the critical role of consumer demand in shaping market trends, reinforcing the need 

for further exploration of sustainability attributes as drivers of economic and environmental value 

in the food industry. 

Overall, this research advances the understanding of biodiversity in the agri-food sector by linking 

supply chain practices, economic modeling, and market dynamics. It offers practical guidance for 

policymakers, supply chain actors, and market stakeholders on enhancing biodiversity 

conservation through strategic agricultural management, the promotion of underutilized crops, 

and aligning product characteristics with consumer demand. These contributions address critical 

environmental challenges and support the transition towards more sustainable and biodiverse agri-

food systems. 

5.2 Main implications from the study 

The thesis offers significant policy and managerial implications that can drive the integration of 

biodiversity conservation into agri-food supply chains, emphasizing the need for targeted 
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interventions and strategic adjustments to promote biodiversity, sustainable agricultural practices, 

and market competitiveness. 

Figure 13. Policy and Managerial Implications 

 

Policy implications 

From a policy perspective, this research highlights the critical need to further integrate biodiversity 

considerations into agricultural and environmental policies, with a particular focus on the local 

level. While existing frameworks such as the EU Biodiversity Strategy for 2030 (European 

Commission, 2020) and the Convention on Biological Diversity (CBD) (UNEP/CBD, 2022) aim 

to conserve biodiversity broadly, they often lack specific measures that target biodiversity at the 

local, farm level—where the conservation of traditional and regionally adapted crop varieties is 

most effective. The conservation of local traditional varieties, which are often highly dependent 

on the geographic and climatic conditions in which they are grown, requires tailored policies that 

focus on specific geographic zones. This localized approach is essential for the preservation of 

agrobiodiversity, as it recognizes the unique ecological conditions that support traditional and 

underutilized crop species.  
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This study also suggests that improvements could be made by introducing more tailored financial 

incentives or subsidies for farmers who adopt biodiversity-enhancing practices, something largely 

missing from existing regulations. While the new EU’s Common Agricultural Policy (CAP) 

includes Eco-schemes that promote practices such as crop diversification and the cultivation of 

melliferous crops (European Commission, 2022), there remains a significant gap in the policy 

concerning the recovery and active promotion of ancient and underutilized crops. These crops 

play a vital role in enhancing biodiversity and resilience within agricultural systems, yet current 

CAP measures do not sufficiently address their conservation. The research suggests that specific 

measures should be developed to incentivize farmers to cultivate these varieties, with targeted 

financial support and subsidies that reflect the unique contributions these crops make to local 

ecosystems and biodiversity. At the national level, Member States should take a more active role 

in addressing these gaps. The CAP provides flexibility for Member States to implement eco-

schemes, but without more explicit national policies and support mechanisms, the recovery of 

ancient and underutilized crops may remain limited. National policies must ensure that 

conservation efforts for these crops are aligned with local biodiversity needs, and that specific 

measures are put in place to promote their cultivation in regions where they are most ecologically 

viable. This could include the introduction of geographically tailored conservation programs that 

support farmers in specific zones, recognizing the critical importance of local environments in 

preserving agricultural biodiversity. 

Moreover, the research calls for the development of robust certification and labeling standards 

that promote biodiversity-friendly products. Although existing regulations, such as the EU 

Organic Certification, indirectly support biodiversity, there is a clear need for new or improved 

standards that directly address biodiversity conservation in agricultural systems (Regulation (EU) 

2018/848). Policymakers should ensure that these certifications are both credible and accessible 

to producers, thereby helping to inform consumers and drive purchasing decisions towards more 

sustainable and biodiversity-friendly products.  

Finally, the research underscores the need for stronger integration of biodiversity conservation 

into supply chain regulations. Although existing guidelines under the European Green Deal and 

other international frameworks emphasize sustainable sourcing, i.e., the integration of social, 

ethical and environmental performance factors into the process of selecting suppliers, there is still 

a lack of clear directives that align supply chain actors with biodiversity conservation goals 

(Lambrechts, 2021). To address this, policymakers should introduce regulations that require supply 

chain actors to prioritize products grown in ecologically diverse regions and those that contribute 

to the preservation of local varieties. By aligning these practices with broader biodiversity and 
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environmental targets, supply chain regulations could play a vital role in contributing to the 

resilience and sustainability of agricultural systems at both national and international levels. 

Managerial implications 

This research provides several important implications for supply chain managers, emphasizing the 

strategic integration of biodiversity conservation into operational practices. Rather than viewing it 

as a mere compliance requirement, supply chain managers are encouraged to treat it as a strategic 

asset that can enhance long-term sustainability and competitiveness. Managers can operationalize 

biodiversity conservation by adopting sustainable sourcing practices and engaging with suppliers 

who prioritize biodiversity. This involves identifying suppliers committed to biodiversity-

enhancing practices, such as organic farming, the cultivation of underutilized crops, and the 

preservation of local ecosystems (Boiral et al., 2018). By fostering partnerships with these suppliers, 

companies can ensure that their sourcing strategies align with sustainability goals, reduce 

environmental impact, and contribute to broader biodiversity conservation efforts. By aligning 

products with consumer preferences for sustainable and biodiverse options, businesses can 

enhance their market position and appeal to environmentally conscious consumers. 

Investment in education and awareness programs is also a key managerial implication. These 

programs can serve as tools to promote the benefits of biodiversity conservation to farmers, 

suppliers, and other supply chain actors. One of the primary barriers to adopting biodiversity-

friendly practices is limited knowledge or perceived economic risk. To address these barriers, 

managers can implement training initiatives that focus on sustainable agricultural techniques, the 

economic advantages of crop diversification, and the potential market opportunities for ancient 

and underutilized crops. Educating supply chain actors can not only increase the adoption of 

biodiversity-friendly practices but also improve the overall resilience of the supply chain to 

environmental changes and market disruptions by diversifying production and reducing 

dependency on monocultures.  

In conclusion, the implications of this thesis highlight the interconnected roles of policy and 

management in fostering biodiversity within agri-food supply chains. Policymakers are encouraged 

to create supportive frameworks that incentivize biodiversity-friendly practices, while managers 

are urged to integrate these practices into their strategic and operational decisions. Together, these 

efforts can contribute to the development of more resilient, sustainable, and biodiverse food 

systems that align with environmental and societal goals. 
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5.3 Limitations and future research  

The main limitations of the studies reside in the difficulty to grasp the vastness and the complexity 

of the phenomenon under analysis. In this section, the main limitations are reported for each of 

the studies contained in the different chapters.  

One of the primary limitations identified in Chapter 2 is the relatively small number of participants 

and the focus on two specific case studies in Italy. This limited sample size and the narrow scope, 

in terms of both geographic area and crop selection, restricts the generalizability of the findings to 

other regions or contexts with different institutional settings and agricultural practices. The results 

may not fully capture the diversity of challenges and opportunities related to biodiversity 

management across varying cultural, economic, and environmental landscapes. Future research 

should therefore expand to explore biodiversity management in different geographical areas, 

including regions with distinct institutional, environmental, and socio-economic conditions. This 

would help identify shared challenges, best practices, and factors influencing biodiversity-oriented 

food systems on a broader scale. Further studies could also investigate additional factors that 

influence biodiversity transitions, such as technological innovations, involvement of a wider range 

of stakeholders including government bodies and industry associations, and the role of social 

networks in shaping biodiversity practices. 

The modelling analysis in chapter 3 also contains some limitations. In this study, a key limitation 

is the exclusion of farmers' risk aversion from the current model, a factor that significantly 

influences decision-making in agriculture. Future research could integrate risk portfolio estimation 

methods, such as mean-variance optimization, to better capture the decision-making processes of 

farmers under uncertainty. Additionally, the model does not account for dynamic environmental 

factors, such as variable weather conditions, differing soil quality, and the environmental impact 

of cultivating underutilized crops. These variables are critical in determining crop yields and could 

significantly affect the adoption of biodiversity-friendly practices. Expanding the model to include 

these dynamic factors would enhance its predictive accuracy and relevance to real-world scenarios. 

Moreover, the study’s focus on a specific region limits its applicability; thus, future research should 

aim to expand the model to other regions or countries to assess how the dynamics of underutilized 

crop adoption might differ across diverse agricultural landscapes. Furthermore, our suggestion for 

future research is to replicate this model with samples more heterogeneous in terms of farmer 

differentiation categories, such as age, farm size, and farming practices (e.g., organic versus 

conventional), which could provide deeper insights into farmers' responses to biodiversity-

enhancing initiatives. 
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Finally, we report some limitations of the study contained in chapter 4. This study has a main 

geographical limitation: it includes only data from retail stores of a specific urban area in the 

Veneto region (Italy). The regional scope may limit the applicability of the findings to other areas 

with different consumer behaviors and market dynamics. Expanding the scope to include a 

broader range of geographic locations and diverse market settings would help validate the results 

and provide a more comprehensive understanding of the factors influencing market prices and 

consumer preferences for lentils. Future research should also explore additional product attributes, 

such as other sustainability certifications, social sustainability aspects, and intrinsic lentil 

characteristics like seed size and store type, which were not considered in this study. Given the 

evolving nature of consumer preferences, continuous research is necessary to capture emerging 

trends in sustainability and health-conscious food choices, ensuring that businesses remain 

responsive to changes in the market. 

Finally, in recent decades, top-down approaches have been widely criticized for failing to 

incorporate social dimensions into biodiversity conservation. The creation of protected areas often 

entails the displacement of local communities from their territories and/or the imposition of 

restrictions on their activities (Baldauf, 2020). In response to these criticisms and the recent 

farmers' protests across Europe in 2024 (O’Brien, 2024), future research on biodiversity 

management must consider biodiversity and rural populations as an interconnected system to 

effectively address the needs of farmers and local communities in a bottom-up perspective. There 

is a growing recognition of the effectiveness of local groups and the idea of important social capital 

assets in bringing and gaining positive biodiversity outcomes (Mazé et al., 2021; Pretty & Smith, 

2004). This approach therefore recognizes rural communities, including farmers, agri-food value 

chain stakeholders, rural citizens, and public sector organizations, as key partners in biodiversity 

management and seeks their participation in social development and biodiversity conservation. 

Furthermore, addressing the trade-offs between agrobiodiversity and natural biodiversity is a 

critical challenge in achieving sustainable agri-food systems. Balancing these objectives requires an 

integrated approach that combines spatial planning, multi-actor collaboration, and research. A key 

aspect of this challenge involves the debate between land sparing and land sharing approaches. 

Land sparing intensifies agricultural production on existing farmland to free up other areas for 

conservation, minimizing human activity in natural ecosystems and preserving large, contiguous 

habitats. However, this approach may lead to higher agrochemical use and widen socio-economic 

inequalities due to unequal access to intensification resources. In contrast, land sharing integrates 

biodiversity-friendly practices within agricultural landscapes by incorporating features like 

hedgerows, agroforestry, and semi-natural habitats. This creates multifunctional landscapes but 
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can lower yields and requires significant changes in farming practices, which may not be viable for 

all farmers (Loconto et al., 2020). Balancing agrobiodiversity with natural biodiversity requires a 

context-specific strategy. In some cases, land sparing may be more effective for conserving wild 

species in areas where large, intact habitats are crucial, while land sharing may be more appropriate 

in landscapes with a long history of coexisting agricultural and ecological functions. 

To address this complexity, policies must not only safeguard traditional and underutilized crop 

varieties but also promote innovative practices that align agricultural production with ecological 

conservation, such as agroecological corridors and integrated landscape management. 

Participatory frameworks such as Living Labs—which foster collaboration among farmers, 

policymakers, and conservationists—can support the co-design of locally relevant solutions that 

align agricultural productivity with biodiversity conservation. Advancing research into systems like 

agroforestry and underutilized crops, as well as the use of spatial modeling tools, is essential for 

identifying synergies between agrobiodiversity and natural biodiversity. These tools can help assess 

long-term trade-offs and guide land-use decisions that minimize negative impacts on natural 

ecosystems. By adopting a systems-based approach, integrating policies, and fostering 

collaborative engagement, it is possible to strike a balance that benefits both agricultural and 

natural landscapes, ensuring that agrobiodiversity efforts do not undermine the integrity of natural 

ecosystems.  

Overall, this research lays a foundational understanding of biodiversity in agri-food supply chains 

but calls for further exploration across diverse settings and broader model expansions. Future 

studies should aim to address these limitations by incorporating a wider array of factors, expanding 

geographical and contextual coverage, and utilizing advanced modeling techniques to provide 

deeper, data-driven insights. This would not only enhance the robustness and applicability of the 

findings but also support the development of more effective policies and managerial strategies for 

promoting biodiversity and sustainability in global agri-food systems. 
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Chapter 6  
Conclusions 
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This thesis aims at comprehensively analyzing the adoption of biodiversity management practices 

along two main agri-food supply chains in Italy, focusing specifically on lentil and buckwheat 

production. The growing importance of biodiversity conservation within the agri-food sector is 

expected to play a pivotal role in making the system more sustainable and resilient in the face of 

ongoing environmental and economic challenges of the upcoming years.  

Despite the increasing recognition of the benefits of biodiversity, there remains uncertainty 

regarding the full adoption of biodiversity practices among various supply chain actors, including 

farmers, processors, and retailers. This work has addressed these uncertainties by investigating the 

factors that influence biodiversity management at different stages of the supply chain, while also 

exploring the strategies that could enhance biodiversity outcomes. 

The first study emphasizes the critical role that different actors across the agri-food supply chain 

play in promoting biodiversity. It highlights how the cultivation of species like lentils and 

buckwheat can foster agro-biodiversity. Product diversification within these supply chains presents 

significant market opportunities that align with changing consumer preferences toward gluten-free 

and diverse food options. The identification of economic challenges and the role of policy 

frameworks like the Common Agricultural Policy (CAP) adds an essential layer of complexity, 

showing how market structures and regulations can simultaneously support and hinder 

biodiversity efforts, especially at the farm level. Thus, the second study explores the potential 

adoption of a biodiversity-enhancing crop, buckwheat, by Italian farmers with the use of an agent-

based model (ABM). By analyzing economic, social, and market conditions, the research 

demonstrates how underutilized crops can be integrated into existing farming systems to enhance 

biodiversity. The study also reveals how neighboring influence and intrinsic farmers’ willingness 

to adopt can promote the spread of biodiversity-friendly practices. In the final study, attention 

shifts to the retail stage, where the sustainability attributes of biodiversity-enhancing products are 

examined in the context of market dynamics. The research confirms that Italian consumers 

increasingly value products with environmental certifications and regional distinctions, suggesting 

that market differentiation through sustainable product offerings can create both economic and 

environmental benefits. 

Overall, this thesis advances the understanding of biodiversity management within agri-food 

supply chains by integrating insights from three key stakeholders—farmers, processors, and 

retailers— on agricultural practices, and economic, social, and market behavior. It provides 

practical guidance for policymakers and business managers on how to promote biodiversity 

conservation and facilitate the transition toward a more sustainable and biodiverse agri-food 

system. 
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Appendix  

Annex 1. Questionnaire used for the semi-structured 
interviews with farmers 

Questionnaire Farmers 
Section 1: Introduction and background information 

Basic information 

A) Name of the firm:   _________________ 

B) Address: __________________________ 

C) Name of the respondent: ____________ 

Section 2: Crop and product diversity 

1) What are your main farming goals? 

2) What is the number of crops produced at your farm? And what are the number of varieties used 

for each crop?  

3) What is the total arable area of your farm (ha)? 

4) What are your total variable production costs? And what is the cost share of producing this crop 

over the total variable production costs (%)?  

5) Do you cultivate using organic or conventional farming practices?  

6) How many people are employed on your farm?  

7) What is the total time worked (person-hours/year)? And what is the share of time worked 

devoted to the target underutilized crop (% total time worked)? 

Questions on a specific targeted crop: 

8) What is the yearly quantity of crops sold (tons)? (specify the nature of product sold)  

9) What varieties or alternative crops can substitute the target crop used? 

Section 3: Supplier-Seller Relationship: Contractual Agreements, Pricing and Costs 

Seed providers’ portfolio for the analyzed crop  

10) What type of seed provider (e.g., public authorities, POs/Cooperatives, specialized seed seller, 

provided by the buyer, or produced in the farm etc.) do you have relation with? With how many? 

And for which variety/crop? 

Clients’ portfolio for the analyzed crop  

11) What type of clients (e.g., cooperative or PO, wholesalers, traders/intermediaries, traditional 

retailers, large retailers, processors, consumers etc.) do you have relation with? With how many? 

And for which variety/crop? 

12) What is the quantity sold on the total for the crop (%)? 
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13) What is the type of transaction with the client (e.g., auction, Spot transactions, Occasional 

relations, Regular relations, Contractual relations, Partnership, Vertical integration, Contribution 

to cooperative etc.)?  

14) Which quality standards are required by the client (e.g., size, color, protein content, etc.)? 

15) How is the price with clients decided (e.g., through auction, spot market, fixed by the client or by 

the farmer considering his/her profit margin objective, on the base of some reference market, 

contracted together by provider and purchaser, set a base price plus premium for quality 

attributes etc.)? and for which variety? 

Structure of costs and prices per variety or crop  

16) Could you provide the following information for 3 varieties currently cultivated or for 3 crops 

including the target crop and two substitute crops?  

 
 Main variety/Target 

crop  
Second variety/ 
Alternative crop  
 

Third variety/Alternative 
crop  
 

Volume share of the 
variety on total volume 
of the crop (%) 

   

Price of the seed (€/kg) 
in 2022 

   

Main reason for the 
choice of that variety 
(e.g., price, quality, 
availability, 
requirements from 
downstream actors) 

   

Typical yield of the crop 
(per ha) 

   

Average price of the 
product (€/kg) sold in 
2021, at company gate 
net taxes (otherwise 
specify) 

   

Average price of the 
product (€/kg) sold in 
2022, at company gate 
net taxes (otherwise 
specify) 

   

Weight of labor cost on 
revenue (%) 

   

Weight of variable costs 
on revenue (%) in 2021 

   

Weight of variable costs 
on revenue (%) in 2022 

   

Conversion coefficient 
from raw material to 
final product (ONLY if 
semi-processed by the 
farmer) 
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Other prices and biodiversity aspects for the targeted crop 

17) Are you dealing with certification schemes that affect the price of the product sold (e.g., organic, 

PDO/PGI etc.)? If so, which ones? And how do they affect the price?  

18) Do you think other varieties or crops are potentially feasible for your area? which ones? 

19) Have new varieties been introduced in your activity recently? Which ones? 

20) How would the price of the product be decided for a new variety or crop never sold? 

21) How are new varieties introduced in your activity (or could be introduced)?  

22) Do you think farmers can introduce new varieties on their own initiative? and why? 

23) Which category of farmers can do it more easily? 

Section 4: Perceived consumers’ preferences 

24) How would you best describe your consumers/clients? Based on age, income, or other 

characteristics (e.g., population concerned about food healthiness, unhealthy people/groups with 

specific dietary needs etc.)? 

25) From your experience, what would be the more important elements for consumers for accepting 

a new food product (e.g., price, packaging, nutritional info, novelty, notion of a healthier product, 

national production, geographical specialty, easiness to prepare/cook, shelf life etc.)? 

Section 5: Biodiversity challenges and expectations 

Problems  

26) What are the main constraints/ bottlenecks that you face within production and marketing of the 

targeted crop (also in comparison to other crops produced at your farm)?   

27) What are the main limitations/bottlenecks for the introduction of a new variety in your activity? 

28) Considering the limitations that you perceive in the introduction of a new variety, how likely 

would be that you introduce a new variety in your farm in the next future? 

29) What are potential ways of overcoming the obstacles in the introduction of new varieties? 

30) How likely is the possibility that you introduce a new variety in your farm in the next future if the 

incentives/facilities you indicated were provided? 

Expectations 

31) Which effects would you expect from farming and trading a higher number of varieties? 

32) Which commitments and costs would you expect from farming and trading a higher number of 

varieties (without increasing the cultivated area)? 

33) Which climatic changes have the biggest impact on your agricultural activity (in particular on the 

targeted crop)?  
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Annex 2. Questionnaire used for the semi-structured 
interviews with processors and retailers 

Questionnaire Processors/Retailers 
Section 1: Introduction and background information 

Basic information 

A) Name of the firm:   _________________ 

B) Address: __________________________ 

C) Name of the respondent: ____________ 

Section 2: Crop and product diversity 

Questions on a specific target product: 

1) What is the yearly quantity of raw material purchased (tons)? (Specify the nature of raw material) 

2) What is the yearly quantity of product sold (tons)? (Specify the nature of product) 

3) What varieties are used? or What alternative crops are used that can/could be processed as 

substitutes of the target crop in order to produce a similar target product? 

Section 3: Supplier-Seller Relationship: Contractual Agreements, Pricing and Costs 

Providers’ portfolio for the analyzed product  

4) What type of provider (e.g., single farmers, OP/cooperatives, processors, 

traders/intermediaries) do you have relation with? With how many? and for which 

variety/crop? 

5) What is the quantity purchased on total (%)? 

6) What is the type of transaction with the provider (e.g., auction, Spot transactions, Occasional 

relations, Regular relations, Contractual relations, Partnership, Vertical integration, 

Contribution to cooperative etc.)?  

7) Which drivers are important for the choice of providers of the analyzed product?  

8) Which quality standard is required by the processor (e.g., size, color, protein content, etc.?) 

9) How is the price with providers decided (e.g., through auction, spot market, fixed by the 

purchaser considering his profit margin objective, fixed by the provider, on the base of some 

reference market, contracted together by provider and purchaser, set a base price plus 

premium for quality attributes etc.)? and for which variety? 

Clients’ portfolio for the analyzed product  

10) What type of clients (e.g., wholesalers, traders/intermediaries, traditional retailers, large 

retailers, processors, consumers etc.) do you have relation with? With how many? and for 

which variety/crop?  

11) What is the quantity purchased on the total for the crop (%)? 
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12) What is the type of transaction with the client (e.g., auction, Spot transactions, Occasional 

relations, Regular relations, Contractual relations, Partnership, Vertical integration, 

Contribution to cooperative etc.)?  

13) Which quality standard is required by the client (e.g., size, color, protein content, etc.)? 

14) How is the price with clients decided (e.g., through auction, spot market, fixed by the client 

or by the farmer considering his/her profit margin objective, on the base of some reference 

market, contracted together by provider and purchaser, set a base price plus premium for 

quality attributes etc.)? and for which variety? 

Structure of costs and prices per variety 

15) Could you provide the following information for 3 varieties currently processed or for 3 crops 

currently processed that can be used to produce the same (or similar) target product? 

 Main variety/ Target 
crop/ First product 

Second variety/ 
Alternative crop/ 
Second product 
 

Third variety/ 
Alternative 
crop/Third product 
 

Volume share of the 
variety on total volume 
of the crop (%) 

   

Geographical origin of 
the raw product (e.g. 
specific regions or 
areas, imported by 
specific countries) 

   

Main reason for the 
choice of that variety 
(e.g. price, quality, 
availability, 
requirements from 
downstream actors) 

   

Average price paid as 
raw material (€/kg) in 
2021, at company gate 
net taxes (otherwise 
specify) 

   

Average price paid as 
raw material (€/kg) in 
2022, at company gate 
net taxes (otherwise 
specify) 

   

Average price of the 
product (€/kg) sold in 
2021, at company gate 
net taxes (otherwise 
specify) 

   

Average price of the 
product (€/kg) sold in 
2022, at company gate 
net taxes (otherwise 
specify) 
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Weight of labor cost on 
revenue (%) 

   

Weight of variable 
costs on revenue (%) in 
2021 

   

Weight of variable 
costs on revenue (%) in 
2022 

   

Conversion coefficient 
from raw material to 
final product 

   

16) Are there alternative processing practices at present that you could use to process the target 

crop? If so, which ones? (Q16 ONLY FOR PROCESSORS) 

17) Which brand is used (in proportion to the total) to sell the product, and which is the 

difference in average price? (Q17 ONLY FOR RETAILERS) 

Other price and biodiversity aspects for the target crop 

18) Are you dealing with certification schemes (e.g., organic, PDO/PGI, etc.) that affect the price of 

the product sold? If so, which ones? And how do they affect the price?  

19) Do you think other varieties are potentially feasible for processing activity? Or do you think the 

target crop could potentially be used in your processing activity instead of alternative crops? 

which ones? (Q19 ONLY FOR PROCESSORS) 

20) Have new varieties been introduced in your activity recently? If so, which ones? 

21) How would the price of raw material be decided for a new variety, or a crop never sold? (Q21 

ONLY FOR PROCESSORS) 

22) How the price to producer would be decided for a new product (produced from a different 

variety) never sold? (Q22 ONLY FOR RETAILERS)  

23) How would the price of the final product be decided for a new variety never sold? (Q23 ONLY 

FOR PROCESSORS) 

24) How would the price to consumer be decided for a new product (produced from a different 

variety) never sold? (Q24 ONLY FOR RETAILERS)  

25) How are new varieties/crops introduced in your activity (or could be introduced)? 

26) Do you think processors/retailers can introduce new varieties as their own initiative? If so, why?  

27) Which category of processors/retailers can do it more easily? 

Section 4: Perceived consumers’ preferences 

28) How would you best describe your consumers/clients? Based on age, income and other 

characteristics (e.g., population concerned about food healthiness, unhealthy people/groups with 

specific dietary needs, etc.)? 

29) From your experience, what would be the more important elements for consumers for accepting 

a new food product (e.g., price, packaging, nutritional info, novelty, notion of a healthier product, 

national production, geographical specialty, easiness to prepare/cook, shelf life etc.)? 
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Section 5: Biodiversity challenges and expectations 

Problems  

30) What are the main limitations/bottlenecks for the introduction of a new variety or product in 

your activity? 

31) Considering the limitations that you perceive in the introduction of a new variety, how likely 

would be that you introduce a new variety in your activity in the next future?  

32) What are potential ways of overcoming the obstacles in the introduction of new varieties?  

33) How likely is the possibility that you introduce a new variety in your activity in the next future if 

the incentives/facilities you indicated were provided? 

Expectations 

34) Which effects would you expect from processing and trading a higher number of varieties?  

35) Which commitments and costs would you expect from processing and trading a higher number 

of varieties/crops (without increasing the quantities of processed product)?  
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Annex 3. The Overview, Design concepts, and Details 
(ODD) Protocol Document 

1. Overview 

In what follows we provide a detailed description of the model based on the standard Overview, 

Design concepts, and Details (ODD) protocol by Grimm et al. (2010). We provide this 

documentation in order to provide more details about the model and aid others in replicating and 

extending the model if so desired. Figure A14 shows the graphical user interface of the model. On 

the left-hand side we have user-specified inputs along with model outputs. NetLogo version 6.3.0 

(Wilensky, 1999) was used to implement the model. 

Figure A14.Model Graphical User interface. 

 

1.1. Study Area and Purpose 

Italy is the tenth-largest country in Europe, covering an area of 301,340 km2 (116,350 sq mi). The 

major land covers of Italy are agricultural land (52%), forest (30%), natural areas (9%), and others 

(9%) such as artificial area, open space/bare soil and water (ISPRA, 2006). In this context, Italy 

has a rich genetic diversity, agricultural heritage, and culinary tradition with buckwheat (Brunori et 

al., 2005).  

Buckwheat (Fagopyrum esculentum), which is classified as a neglected and underutilized species (NUS) 

(Knez et al., 2023), thrives in a spring-summer growth cycle and prefers a mild climate with 

significant day-night temperature variations and moderate water supply. Due to its short crop 

cycle, buckwheat is well-suited for crop rotation and inter-cropping to maximize land use. It serves 

as an interlayer and cover crop in various cropping systems and is also valuable as a honey plant 

for pollination (Small, 2017). 



 

122 

 

The optimal environment for buckwheat cultivation is found in mountainous areas and adjacent 

high hills, particularly in the Central-Northern regions of Italy. Nine regions were selected as case 

studies based on data coming from the RICA database: Veneto, Emilia-Romagna, Lazio, Tuscany, 

Marche, Lombardy, Umbria, Piedmont and Friuli-Venezia Giulia (RICA, 2022). These data 

underscore the regional disparities in land availability for buckwheat production, highlighting the 

strategic importance of regional planning and resource allocation to optimize buckwheat farming 

in Italy. Furthermore, choosing average regional data over municipality-level data ensures a 

broader, more generalizable understanding of land availability while preserving the privacy of 

individual farmers. Traditionally cultivated in mountainous and hilly regions, buckwheat has 

witnessed renewed interest in recent years with the reintroduction of this crop also in Italian plain 

regions, e.g., Veneto and Emilia-Romagna. While mountainous areas generally exhibit higher 

yields, these efforts suggest a potential expansion of buckwheat production across diverse Italian 

agricultural landscapes (Gaifami and Piazzi, 2022). 

1.2. Entities, State Variables, and Scales 

The agents in our model represent farmers. Each farmer is an agent who owns 23,73 ha of 

agricultural land, reflecting the average Utilized Agricultural Area (UAA) in Italy. These farmers 

follow one of three prevalent three-year crop rotations in the central-northern regions of Italy: 

Soft wheat–Soybean–Maize (Rot1), Soft wheat–Barley–Maize (Rot2), or Barley–Soybean–Maize 

(Rot3).  

These crops were selected from the list of the most widely cultivated field crops in Italy, particularly 

in the north-central regions. Maize (UAA of 21.834 ha) is the most commonly grown crop, 

followed by soft wheat (UAA of 21.585 ha) and barley (UAA of 11.128,35 ha). For grain legumes, 

soybean (UAA of 9.957 ha) is the predominant crop, with 99.5% of its cultivation occurring in 

northern Italy (RICA, 2022).  In each region, three types of farmer agents are randomly created 

based on the proportion of farmland dedicated to their respective crop rotations.  

Agents’ attitudes towards cultivating main row crops (maize, barley, soft wheat, soybean) on their 

farmlands are defined by several profit-maximizing variables and neighborhood influence 

parameters, as shown in Table A9. The profit-maximization variables (yield, production cost, and 

price) determine the crop production economics to evaluate the profitability of integrating 

buckwheat into traditional crop rotations. Production costs include operating expenses for 

producing a crop such as fertilizers, pesticides, seeds, contracting, irrigation water, insurance, 

certifications and reuse of company products, excluding overhead costs like labor, machinery, 

taxes, and other general farming overheads. 
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Table A9 shows the key variables of annual crop yields, prices, and production costs that determine 

the profitability of four major crops plus buckwheat from 2011 to 2022. Since buckwheat is 

typically cultivated as interlayer row crop, it does not require additional machinery, meaning that 

only operational costs are taken into account. The neighborhood influence parameters determine 

the adoption rate of rotations with buckwheat within a region and its surrounding areas. Each 

farmer has a unique adoption threshold, reflecting their positivity towards adopting buckwheat 

relative to the adoption rate (Berger, 2001; Alexander et al., 2013). Varying standard deviations of 

the adoption threshold parameters indicate whether the initial willingness to adopt buckwheat 

among farmers is high or low (Table A9). 

The rotational period is three years for farm-scale modeling, which is extended up to 33 years, 

representing the years 2022 to 2055, for long-term planning. Each tick or time step (t) of the model 

therefore represents three years (years of crop rotation). The model is spatially explicit in terms of 

aggregating individual agents’ decisions to the regional level. However, decisions are made at the 

farm level. 

Table A9. Full agents’ parameters. N (μ, σ) represents the normal distribution. 

Parameters Values for simulation Source 

Profit maxing parameters 

Yield Soft wheat yield N (54 q/ha, 5.3)  

RICA (2022) 
 

Maize yield N (107.5 q/ha, 5.7) 
Barley yield N (40.3 q/ha, 1.4) 
Soybean yield N (35.3 q/ha, 1.9) 
Buckwheat yield 8 q/ha 15 q/ha 37 q/ha 

Price Soft wheat price N (€21.8/q, 4.1)  
Maize price N (€19.2/q, 4.04) 
Barley price N (€20/q, 3.1) 
Soybean price N (€39/q, 6.1) 
Buckwheat price €25/q €45/q €65/q €85/q €100/q €125/q  

Cost Soft wheat cost N (€509.7/ha, 61.2)  
Maize cost N (€840.5/ha, 124.4) 
Barley cost N (€337.9/ha, 44.2) 
Soybean cost N (€564/ha, 53.4) 
Buckwheat cost €200/ha  €350/ha  €500/ha  

Annual discount rate 6% (Ullah and 
Crooks, 2022; 
Upadhaya and 
Dwivedi, 2019) 

Neighborhood influence parameters 

Initial adoption rate 0 (Alexander et 
al., 2013; Ullah 
and Crooks, 
2022) 

Adoption threshold N (0, 0.102), N (0, 0.1216) (Alexander et 
al., 2013; Ullah 
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and Crooks, 
2022) 

1.3. Process Overview and scheduling  

Farmer agents’ decisions to adopt buckwheat are reflected in two sub-models: profit modeling and 

diffusion modeling. 

The profit modeling evaluates farmers' profits from row crop rotations with and without 

buckwheat (Section 3.3.1). The diffusion modeling assesses farmers' attitudes towards buckwheat 

under neighborhood influences (Section 3.3.2). 

Farmers decide to adopt buckwheat for the current period only if they find their profit from crop 

rotation with buckwheat (Pb) to be greater than the profit from crop rotation without buckwheat 

(Pt) in the previous period, and if the neighborhood influences from the same previous period 

create a positive outlook for adoption. For each farmer, the adoption behavior is updated for the 

current period and feeds into the next time step. Thus, the model operates recursively until the 

end of the simulation period.  

2. Design Concepts 

2.1.  Emergence 

The emergence property of our model is observed from the different fixed production economics 

of buckwheat, two adoption threshold parameters and two types of diffusion (diffusion types are 

discussed in Section 3.1). The adoption thresholds define what proportion of farmers are 

innovators, who adopt buckwheat in the first-time step (i.e., tick).  

2.2.  Adaptation 

Farmers are adaptive as they are responsive to new economic opportunities and neighborhood 

influences (see Sections 3.3). 

2.3. Objectives 

The objective of the farmer agents is to maximize their profits. Farmers’ attitude on neighborhood 

adoption rates can affect their individual adoption decisions. However, farmers are naïve profit 

maximizers as they evaluate their profitability without considering other risk assessment factors, 

such as individual risk perception, which affect the land allocation decisions as well as utility (Ullah 

& Dwivedi, 2022). 

2.4. Learning 

The only learning trait is new farmers can learn about the economic opportunities of buckwheat 

from their neighboring farmers who have already cultivated buckwheat in the previous simulation 

period. 
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2.5.  Prediction 

The annual discount rate is the value to predict future returns in Net Present Value (NPV) (Section 
3.3.1). 

2.6.  Sensing 

Agents have access to the current price, yield and production cost data (RICA, 2022). They 

configure the net return from traditional crops with this data for the years between 2011-2022.  

2.7.  Interaction 

First, farmers make their decisions based on buckwheat production economics (e.g., initial contract 

price, yield and production cost) and evaluate their profitability in comparison with the production 

economics of the traditional crop rotations. Then, neighboring farmers learn about the success 

stories from innovators and are prompted to cultivate buckwheat. 

2.8.  Stochasticity 

The model follows a number of stochastic processes from slightly stochastic to fully stochastic. 

Slightly stochastic processes are executed where the parameter’s distribution is normal, and data 

driven. The historical yields, price and production cost are normally distributed. Therefore, we 

simulate the model with one standard deviation variabilities from the average values of historical 

crop economics.  

Full stochasticity is found when the adoption threshold values are randomly assigned to the 

farmers. Given that, we could not make any primary survey to understand the attitude of the 

farmers’ adoption history of buckwheat for the limitation of resources and time. 

2.9.  Collectives 

Not applicable. 

2.10. Observation 

We observe what percentage of farmers adopt buckwheat at different values of parameters across 

the regions of Italy in the model interface as shown in Figure 14. 

3. Details 

3.1.  Initialization 

The ABM was developed in NetLogo version 6.3.0 using the GIS extension (Wilensky, 1999). The 

model is initialized at farm-level, neighborhood level and national level with associated variables 

and parameters across the 9 regions out of 20 regions of Italy. These 9 regions were selected as 

they have potential land availability for buckwheat production. In 2022, the average Italian utilized 
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agricultural area (UAA) is 23,73 ha and total utilized agricultural area suitable for cultivating 

buckwheat across the 9 regions is 127 ha (RICA, 2022).  

At the farm level, three categories of farmer agents are created in each region with specific crop 

rotations: Rot1) Soft Wheat-Soybean-Maize, Rot2) Soft Wheat-Barley-Maize, and Rot3) Barley-

Soybean-Maize. In each region, three types of farmer agents are randomly created based on the 

proportion of farmland dedicated to their respective crop rotations. This proportion is calculated 

by dividing the total area of each crop by the average crop land area. The final proportion 

calculated resulted in 48% of farmers following Rot1, 27% following Rot 2, and 25% following 

Rot 3. Overall, a total of 3576 farmers were included in the model. However, in the interface, we 

let the possibility to create a farmer agent who represents up to five farmers as a whole unit to 

speed up the time of running of the model. 

The creation of farmer agents from actual crop rotation histories enabled us to build a more 

spatially and temporarily informed agent-based model compared to existing models (Schulze et al., 

2017). By utilizing this temporally and spatially explicit crop distribution attribute, we can more 

realistically estimate farmers’ profits and the potential integration of buckwheat into traditional 

rotations. The adoption thresholds of the farmers are set using two normal distributions, which 

ultimately create a high and a low initial willingness scenario. Initial adoption rate (AR) is assigned 

zero at the start of the simulation period. The AR value is a neighborhood level value (which is 

discussed further below), however, all the farmers in their respective neighborhoods are equally 

informed about that value, hence, the parameter is assigned as a farmers’ attribute for simulation 

purposes.  

At the national level, crop yields, prices, and farming costs are set at the initialization of the model. 

The crop economics data is acquired from the RICA database, the national database in Italy. The 

initial contract price of buckwheat is fixed by analyzing historical crop rotations.  

3.2. Data Inputs 

3.2.1. Geospatial Data 

Geospatial data of the nine regions were imported from an open shapefile of the EEA geospatial 

data catalog and processed in Q-GIS (European Environment Agency, 2024). IDs of adjacent 

polygons for each region were stored in a text file and imported into NetLogo 6.3.0 to identify 

neighborhood boundaries. Since farmers in close proximity are likely to know each other, 

incorporating GIS data into agent definitions in ABMs is increasingly common in the literature 

(Liu et al., 2020; Marvuglia et al., 2022). 
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To protect data privacy, specific information on provinces and altimetric zones was omitted, and 

no precise farm-level information was used, given the small representative sample of buckwheat 

farmers in the RICA database (average of 14 farmers in last 5 years) (RICA, 2022). 

3.2.2. Crop yield, production costs and prices 

The profit-maximization variables—yield, production cost, and price—assess the profitability of 

integrating buckwheat into traditional crop rotations. Production costs cover operating expenses 

like fertilizers, pesticides, seeds, contracting, irrigation, insurance, and certifications, excluding 

overhead costs like labor, machinery, and taxes. Since buckwheat is an interlayer row crop, no new 

machinery is needed. Table A9 outlines yields, prices, and production costs for four major 

traditional crops and buckwheat from 2011 to 2022 (RICA, 2022).  Buckwheat yield and costs vary 

across low, average, and high scenarios, with different contract prices based on RICA data of the 

last 10 years. All crop yields follow a normal distribution (p ≥ 0.05) according to the Shapiro-Wilk 

test. 

3.3. Sub-models 

3.3.1. Profit Modeling 

The expected profit from the three-year rotation of traditional row crops is a critical factor in 

evaluating farmers' crop rotation decisions. The profitability of different crops over time is 

calculated using the Net Present Value (NPV) method, accounting for the yields, market prices, 

and production costs from the previous rotation period (year "t-1"). Thus, the profit from 

traditional rotations without buckwheat for period t is calculated using Eq. 1. 

𝑃𝑡 = (𝑦𝑡−1,𝑛,𝑐 ∗ 𝑝𝑡−1,𝑛,𝑐 − 𝑐𝑡−1,𝑛,𝑐) ∗ 𝑁𝑃𝑡,𝑛                                    (1) 

Where: 

𝑡 = 0, 1, 2, …11 steps of time with each three-year rotation period, t = 0 is the base period 𝑛 = 

1st, 2nd, and 3rd year of period t respectively. 

𝑐 = types of crops, where 1 = soft wheat, 2 = maize, 3 = barley, 4= soybean. 

𝑃𝑡 = the profit of a crop for a particular year  

𝑦𝑡−1,𝑛,𝑐=  yield of a crop for a particular year  

𝑝𝑡−1,𝑛,𝑐 = price of a crop for a particular year  

𝑐𝑡−1,𝑛,𝑐= cost of a crop for a particular year  
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𝑁𝑃𝑡,𝑛= the multiplier to determine the NPV, where 𝑁𝑃𝑡,𝑛 = (
1

1+𝑟
)

(3𝑡+𝑛)

, and 𝑟 is the real 

discount rate (Godsey, 2010). By using a discount rate of 6% (Ullah and Crooks, 2022; Upadhaya 

and Dwivedi, 2019), the model ensures that farmers' decisions take into account the diminishing 

value of future earnings, leading to more realistic and rational economic behavior. 

The profit from a crop rotation with buckwheat is calculated using Eq. 2, where the contract price, 

yield, and production cost for buckwheat are constant over the simulation period. 

𝑃b = 𝑃𝑐∗𝑁𝑃𝑡,𝑛=1 + 𝑃𝑐∗𝑁𝑃𝑡,𝑛=2 + 𝑃𝑏𝑢∗𝑁𝑃𝑡,𝑛=2 + 𝑃𝑐 *𝑁𝑃𝑡,𝑛=3                             (2) 

Where: 

𝑃b= profit from crop rotation with buckwheat 

𝑃𝑐 = profit from one of the three crops (𝑐 values are 1, 2, 3, 4 types of crops) ∀ profit = Y*P-C 

𝑃𝑏𝑢 = profit from buckwheat 

𝑁𝑃𝑡,𝑛=1,2,3 = multiplier of NPV values in the 1st year, 2nd year, and 3rd year respectively. 

3.3.2. Diffusion Modeling 

Adopting buckwheat is a new experience for almost all farmers in the study area. The cumulative 

adoption of new or underutilized crops resembles the diffusion of new technology, which follows 

an S-shaped curve (Rogers, 2003; Alexander et al., 2013). We draw on the diffusion of innovations 

theory to investigate the adoption of underutilized (cover) crops in Italy. This theory has been 

widely applied to study the adoption process of agricultural innovations over time and it has 

specifically been used to explore the adoption of organic management systems and cover crops 

(Padel, 2001; Atwell et al., 2009; Lavoie et al., 2021). While crop rotation has historically served as 

a regenerative farming method, some producers now view it as an innovative practice due to its 

renewed promotion across the European Union (European Commission, 2022). Furthermore, as 

Rogers (2003) suggests, the adoption of an innovation depends on the adopters' perception of the 

practice and its effectiveness, rather than the novelty of the innovation. The relative advantage of 

an innovation is typically associated with the degree to which an innovation is perceived as being 

economically advantageous to the farmer and may depend on biophysical, economic, social and 

environmental factors (Lavoie et al., 2021). 

Two diffusion scenarios are selected, i.e., Traditional and Expansion diffusion (Jordan-Bychkov, 

1997). The rationale for exploring these different diffusion processes is to explore how buckwheat 

might defuse over the area. These could be considered as two different policy options – one in 
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which a pilot study is focused on a small geographical location, and one in which farmers are 

selected from across the country. The diffusion scenarios are defined as follows:  

• Traditional diffusion (TD): also known as contiguous diffusion (Jordan-Bychkov, 1997), it starts 

from pilot site in a single region located in the region of Piedmont. This region is the most 

prominent place in Italy for the cultivation of buckwheat. The adoption behavior is diffused 

from early adopters to the neighboring farmers and subsequently, it spreads all over Italy 

throughout the simulation period.  

• Expansion diffusion (ED): the early adopters are spread all over Italy at the initial stage rather 

than located within a single small geographical area; then, other neighboring farmers learn 

from their experiences, thus, the adoption behavior is diffused over the study area. 

In this study, we used an adoption threshold approach based on (Ullah and Crooks, 2022) and 

previously proposed by Alexander et al. (2013) who extended on Berger (2001).  Innovation in 

this model lies in assigning diffusion types. The approach uses two parameters: local adoption rate 

(AR) and individual adoption threshold (AT). The current local AR is derived from the net 

proportion of positive versus negative profit experiences with buckwheat among neighboring 

farmers from the previous time step. Each farmer has an AT value indicating their 'resistance' to 

change. If the AR value for a time step is greater than the AT of an individual farmer, then the 

famer adopts buckwheat due to neighborhood influence. This method aligns with other agent-

based adoption models, such as those concerning new irrigation technologies (Berger, 2001). We 

use secondary data from the RICA database at the unit level to estimate crop economics, unlike 

Berger's (2001) study which required extensive surveys and experimental data. 

Initially, no farmers have experience with buckwheat. Innovative farmers (typically risk-takers) will 

adopt buckwheat in the first-time step if profit conditions are favorable, creating the first net-

positive AR. If the initial contract price of buckwheat doesn't yield a positive return for innovators, 

a new price is set. Innovators' positive experiences influence other farmers. When others see a 

higher adoption rate among neighboring innovators compared to their own AT, they adopt 

buckwheat in the second time step. All farmers continuously update their experiences in each 

simulation period. AT values were assigned from normal distributions with a mean of 0.2 

(Alexander et al., 2013). Two distributions with standard deviations of 0.102 and 0.1216 represent 

low and high willingness scenarios, respectively, categorizing innovators as about 2.5% and 5% of 

farmers (Ullah & Dwivedi, 2022). Early-stage diffusion is slow, with only a small portion of farmers 

willing to adopt buckwheat. In the default scenario, 2.5% of farmers are initially willing to adopt 

new technology (Rogers, 2003). We chose 5% innovators to achieve a less restrictive adoption rate 



 

130 

 

and higher initial willingness. The AR was set at 0 for the base year. Using the selected AT 

distribution, innovators had negative or zero AT values. Thus, an initial AR value of 0 ensures that 

innovators adopt buckwheat if their AT values are equal to or less than AR, even with no 

experienced farmers initially. 

For traditional diffusion, we chose Piedmont as a pilot site, representing 40% of Italian farmers. 

To approximate 50% of farmers in Italy, we selected three adjacent regions, i.e., Lombardy and 

Emilia-Romagna. We assigned AT a value of 0 for these farmers, similar to the expansion diffusion 

approach, ensuring AT values are equal to or less than the initial AR value. The challenge is 

assigning AT values for the remaining farmers outside pilot sites and separate them from 

innovators. Despite splitting the farmer population into innovators and non-innovators, the AT 

distribution should match that used in expansion diffusion. We solved this by applying a truncated 

normal distribution bounded between 2.5% and 100% for the low willingness scenario, using the 

same mean and standard deviation as in expansion diffusion, thereby excluding innovators below 

the lower threshold and generating AT values for the rest. For the high willingness scenario, the 

boundary was set between 5% and 100%.  

Equation 3 was used to generate AT values in a truncated normal distribution (Botev and L’Ecuyer, 

2017): 

𝐴𝑇 = 𝜑−1   (𝜑(𝛼) + 𝑈(𝜑(𝛽) − 𝜑(𝛼))) 𝜎 +  𝜇                                                      (3) 

Where: 

𝑈 is the uniform random number on (0,1)  

𝜑 is the cumulative distribution function  

𝜇, 𝜎 are the mean standard deviation  

𝛼 and 𝛽 are the values to truncate the distribution range (e.g. (0.025, 1) for low initial willingness 

scenario). 
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